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A creek, given its visual 
complexity, is a surprisingly 
simple construction. 


Two nouns: Water and 
Land. One Verb: Gravity. 


David James Duncan 
My Story as Told by Water 


Task 1: Identify three reasons 


why monitoring Projects fail. 


= Think about past aquatic restoration 
monitoring projects you have been 
involved with and why they may 
have failed. 

= If you haven't been involved in 
restoration projects, think of ways 
monitoring efforts may fail. 

= Work with someone if you want, 
keep answers short (one paragraph). 





Aduate eoHitatireg: Program Leader 
USDA Forest Service. 
Logan, UT 

(435) 755-3566 


Why Monitoring Programs 


= Design- Stats/Sampling 
= Inherent in the study plans. 
=» No amount of conscientious 
implementation would save 
them. 
= Procedural 
= Derail even well designed 
programs 


Why Monitoring Programs 
Fail? 


ae LETS TTL EET UEBELL TIE ET ANSEL AL TDD UT BEBE UAL EELE LEED DETTE SOD UTED ELL BOLTED EET LEER ELETETLETED 


= Non-Ideal Field Workers (P) 37% 
= Method Can’t Measure (D) 30% 
= Data Not In Time (P) 27% 
= Study To Short (D) 27% 
= Collateral Info Missing (P) 20% 
a Cryptic Technology (P) 17% 
= Inadequate Problem Analysis (D) 17% 
m Misunderstanding of System (D) 13% 
s Weak Statistical Design (D) 13% 


Almost As Many Projects 
Fail Because of Procedural 
Problems as They Do 
Design Problems 


This means you need to focus 
as much on logistical design 
as statistical design. 








Design Concerns 


= Good objective statement - 
addresses the question, 
measurable, and repeatable. 
Introduction Problems 

= Statistics. The Numbers. 
Methods Problems. 


Methods Can’t Measure. 


REEL DEEILLI TL LLL TALL TEU TLL LODE TORTS OLO UR EALOBL LTO 


= Does the character measured 
and/or the way it is measured 
get at objectives? 
= How and where should the 
attribute be measured. 


a Which attributes should be 
measured. 





Study to short 


=» Not to short because of money but 
because of plans. 
= Graduate Student Time-Frame 


=m Not to short because of money but 
because of conditions. 


= Sample size estimates could be based 
on past condition that change, i.e. 
cycle changes from drought to above- 
average precipitation. 








Inadequate Problem Analysis. 
Misunderstanding of Problem. 





= Collect data that is irrelevant. 
= Is the variable affected by the issue 
being monitored 
= Have all the variables affected by the 
issue of interest been. 
= Collected information would not 
answer question in time to be 
meaningful. 







= Information not available at time study 





began. 






Finally - Weak Statistical 
Design. 


=I often get involved at this point. 
Common question suggesting weak 
statistical design is, “How do I 
analyze my data?” 

= There are always ways to address 
weak statistical designs but they 
always undermine the strength of 
your conclusions. 
= Representative, arbitrary, I made the 

assumption.... 


Do You Really Need 
Statistics? 


ETAT OTIS UOMOTTLL IOLA 


= Are you interested in specific results 
or are you interested in general 
results? 


ms Do you have a specific question or 
general question? 

= Are you interested in the error 
associated with the measurement? 





If you need statistics what 
do you need to focus on? 


= Variance > How much difference 
between streams, observers, and 
through time. 

= Difference > What kind of changes do 
you need for statistical or biological 
significant changes. 

= Attribute > Which attribute should you 
measure? How does it change? How 
easy is it to measure 


Standard Statistical Terms 


LL EEAD ELITE TEL LEER IDEL LLU D ERLE TIDE TELYTLT TEL EED IITA TOILE) CINTA RTL L ELLOS DDUTOEELEAY PESTO IELLL EYELID 


par 
Mean paris Central Tendency 
nh 





Deviation "heat 


ieee ay 
Standard = Dispersion 


Standard e EO) Sample 


Error Dispersion 


What is a distribution? 


Mean Observations 
ar es Means 
+ 1 Std Dev (| +2S5td Dev 


£1 Std Error | | +2 Std Error 
95% vis 











What is a Statistical Test? 


{TILLER BYP EBUETLLO DUET TIN EDL ETE IDERUO ALITA, 


SOCAN L OI ITI 


Null Hypothesis 


Aly; H sroupl ic H group? 


Alternative Hypothesis 
A, : He oupl = Heroup2 


Type I vs. Type II Errors 
for testing mean differences 


UILEELLETLIUILL Litiht 


Hypothesis is really 
True False 





Decision ieee | 
based on 
test of 


significance 
Rejec 


Statistical Ideal 


Cleese ass sae beditdieeddidiiiia Za 


POPULATION 1 
MANAGED Pool % 


Alpha =0.05 


POPULATION 2 
UNMANAGED Pool % 


POWERFUL 
STATISTICAL 
TEST 





Statistical Reality 


lad LM galactic 


POPULATION 1 
MANAGED Pool % 


Alpha =0.05 


POPULATION 2 
UNMANAGED Pool % 


Statistics Exercise 


Effects of Three Realities On 
Statistical Tests 


i le 


Same Mean Different Mean Different Mean 
Different Variance Same Variance Different Variance 


Likely changes biota Likely changes biota Likely changes biota 





Which Attribute to choose? 


tat (A REBAR LI WTISBILLSSADRLIDLILIEI DATA TIL 


= Fine Sediment Rank from 1 (best) to 
3 (worst) attribute. 


= Pool Percentage Ractoration at the 


ws Bank Stability watershed scale. 


1) How do you measure? 2) How does 
management affect it? 3) Difference 
among streams? 4) Difference among 
observers?, and 5) Is it related to the 
biological systems? 


Sources of Variation Affecting 
Monitoring Results 


OULU TPL DOA AL LIBEL ODOT TE EET DELETE IELTS OLEELLLL TILIA AI DLL DOO LETT LT TTI EL EOL DOTTED 


= Measurement Error Observer 


Variation 
= Surveyor Error (Noise) 


a a a a) 


= Site Variation (Signal) 
= Surveyor by Site (Noise) 
= Year Variation Concordant 
Discordant 
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Effects of Total Variance 
Sample size to detect 20% change, 
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Concordant vs. Discordant 
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Methods for Controlling 
Variance 


| SOUL OUILALL ALOU DRUL LUD DT AB OREOUOOOUT ATOR UT OLE AOE SULTON OUOU ALOE 


e Permanent Sites. 
e Stratification . 


e Covariance Analysis 













Permanent Sites 


Use when — 
there is a 

high 

correlation 

between 

year-to-year 

results. 


Sample Size 
Permanent vs 





porary 
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Stratification -- 


The intent is to reduce variance 
among groups. 


Standard stratification within 
BLM/Forest Service is Rosgen 
Channel Type or geology. 


Stratification may also affect 
what variable you choose to 
measure. 












Sensitivity to Change 
- Adding Sediment <2 mm 


ieee dd dad ddddddismmuédédie 
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f Secondary Response 
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Montgomery and MacDonald 2002 





Sensitivity to Change 


- Increasing Flows 








| Bankfull Widt 
Thalweg Profile 
D50 

Percent Fines 
Habitat Units 

















e Very Responsive 
— Secondary Response 


@ Little Response 


Montgomery and MacDonald 2002 
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Theoretical Rates of Change 
for Low Gradient Reaches 


Slow 


Substrate 
Size 


Large Wood 
Numbers 


Biota 
numbers 

Channel 
Character 


Attribute 
Character 


eomorphic 
Character 


Analysis of Covariance 
(ANCOVA) 


2B ULATED EDI LTLB IDL DAA LEE PELTED TAL LAEL BBL IBL ULL ILMEEELE lille 


The use of ANCOVA removes variability 
in an experimental unit that could not 
be controlled for in the survey design. 
This is a common occurrence in studies 
on the effects of land management. 
For example, managed watersheds can 
differ from unmanaged watersheds in 
their gradient, basin area, and 
elevation. 





Characteristics of Minimally Managed 
and Unmanaged Watersheds Within 
the Upper Columbia River Basin 


WMALULMLH ORAL TIMI, 
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Managed 
Variable Mean _(STD 


Unmanaged 
Mean (STD 


p-value 
Mean_(STD 























Elevation 4576.70 (1333.4) 5443.99 (1384.9). <0.001 (0,679) 
Gradient 1.27 (0.702) 1.20 (0.718) 0.526 (0.798) 
Sinuosity 1.34 (0.314) 1.42 (0.384) 0.106 (0.370) 
Area 39.87 (28.57) 31.32 (25.69) 0.304 (0.316) 
Stream width 5.67 (2.943) 6.69 (4.088) 0.004 (0,001) 
Stream Density 1.58 (0,654) 1.57 (0.936) 0.871 (<0,001) 
Road Density 1,60 (1.109) 0.15 (0.392) <0.001 (<0.001 
% Federal 95.40 (7.74) 99.84 (0.665) 

Precipitation 810.26 (302.6) 1013.63 (284.3) 
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So what does ANCOVA buy 











Width-to-Depth Ratio 


Managed Unmanaged 











Conclusions 


LAL AULA OLDE EL ELLE BT ERED BL DBL BLAU LIS OLL SALAD ALLTEL SLU SLL ABLE ELTD LL DBS ELIL TT YELLED CULL ELIEDR 


e Need to be worried about both 
procedural and design concerns. 


e Projects fail about equally for 
both reasons. 


e Both reasons for failure are 
taken care of up front. Think long 
and hard about your monitoring 
project before you implement it. 


Conclusions 


LOLI IOU ET ETLUILULDY TER UU TEAL AOD OUL OLED ORU UOT ORL D COU AMODAU DLATLMI ERD AITOO UAT LDC OLEUILOLEELTLLL ODT EITEET TOUTE, 


e Need to understand what aspects of 
your survey design is likely to have 
variation. 


e Can pick repeatable attributes that 
are likely to be change. 


e Understand high variability leads to 
large sample sizes. 


eBiological vs. Statistical Significance. 
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Conclusions 


e Need to understand you options for 
survey design. 


e Do you really need statistics? 


e How do you alter design to reduce 
variability. 


e How do you alter analysis to 
reduce variability. 
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Course Schedule: 
Aquatic Habitat Restoration and Enhancement 


Monday August 5, 

Assessment of Fish Needs 
Species of Interest (sport fish, sensitive species, guilds, communities, etc.) 
Habitat requirements (life histories, population status, interspecific interactions, 
requirements by life stage, periodicity charts, etc.) 
Habitat information (temporal considerations; macro-, meso-, micro-habitat 
scales; passage issues; watershed-down approach) 
Assimilation of information (reference conditions, tools, etc.) 


Tuesday August 6, 
Restoration of Flow Regimes 
Quantitative, measurable goals 
Minimum flows, dynamic conditions, mimicking the natural hydrograph 
Overview of methods (historical methods, transect methods, habitat simulation, natural 
variability) 
Developing recommendations (exercises using the various methods and their results) 


Wednesday August 7, 
Passage & Connectivity 
Connecting the river system 
Barrier analysis 
Channel modifications, fishway designs, culvert analysis and design 
Field trip and class exercises 


Thursday August 8, 
Structural Modifications 
Pros and cons (past performance, passive vs active approaches) 
Planning and implementation ( a 12-step process) 
Tools of the trade and design criteria (weirs, berms, constrictors, deflectors, 
substrate modifications, bank treatments, habitat complexity) 
Evaluating performance (risk, hydraulic relations, physical models, habitat models) 


Friday August 9, 
Monitoring, Evaluation, and Reporting 
Monitoring Statistics 
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Participant List 
Aquatic Habitat Restoration and Enhancement 
Course 1730-25 
Albuquerque, New Mexico 
August 5-9, 2002 


Bail, Kristin 

Hydrologist 

Bureau of Land Management 
Prineville District Office 
3050 NE 3™. Street 
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541.416.6790 
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Fisheries Biologist 
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Idaho State Office 
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Team Leader, National Riparian Service Team 
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P.O. Box 2407 
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Fisheries Biologist 

Bureau of Land Management 
Washington Office 

1620 L Street NW, Suite 204 
Washington, DC 20036 
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BLM TRAINING COURSE No. 7000-12 
AQUATIC HABITAT RESTORATION & ENHANCEMENT 
August 5 - 9, 2002 
Albuquerque, NM 


DAY ONE: Assessment of Fish Needs - What’s the Problem? 


| 


Introduction & Overview - What are we doing here? (30 minutes) 
“Course goal and objectives 
/ Schedule for the week 
/ Focus areas 
Y Definitions 
Identifying your target species - Who do we want to manage for? (30 minutes) 
/ Species management 
“ Community approach to restoration 
/ Discussion - Participant’s species of interest 
Developing information for your target species - What do we need to know? (1 hour) 
/ Population status, past & present 
Vv Age, growth & condition 
/ Reproductive strategy 
” Food requirements 
/ Predator-prey relationships 
/ Habitat requirements by life stage 
/In-class Problem #1 - Developing periodicity charts & habitat matrices 
Developing your habitat information - Where and when is it available? (2 hours) 
/ Watershed-habitat relations 
/ Variability is a way of life! Spatial & temporal 
/ Spatial & temporal considerations - Hierarchical organization of a stream system 
©Longitudinal zonation 
©Latitudinal zonation 
©Macrohabitat - hydrology, WQ, temperature, morphology, riparian vegetation 
©Mesohabitat - riffles, pools, runs, glides.... 
©Microhabitat - depth, velocity, substrate, cover... 
©Additional considerations - barriers, ice dynamics, flow variability..... 
©In-class Problem #2 - Identifying instream habitat features and processes 
¥ Morning Wrap-up - Designing your study from the watershed down (Case study) 
Lunch Break 
AFTERNOON WORKSHOP - The search for potential limiting factors! (4 hours) 
/ The reference stream approach (1 hour) 
©Background, purpose, approaches... 
@In-class Problem #3 - How close is close enough? Clark Fork River case study 
/ Temperature and habitat as limiting factors (3 hours) 
©Stream Segment Temperature model - Software demo and In-class Problem #4 
©HEP/HSI - Model applications & In-class Problem #5 
Y Discussion & wrap-up for Day One. 
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BLM Training Course 


Aquatic Habitat Restoration 
and Enhancement 


Introductions 


Tom Wesche 
Lora Wesche 
Jim Fogg 
Brett Roper 
Participants 





Goal 


Enhance your confidence 
and 
abilities in 
aquatic habitat restoration 
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Objectives 


e Assess habitat needs 


e identify potential limiting 
factors 

e Plan and design 
restoration/enhancement 
measures 


e Monitor habitat gains 





Overview 










Habitat Restoration Analysis 
and Design 

Day 1 Assessment of Fish Needs 

Day 2 The Basic Ingredient - Water! 

Day 3 Fish Passage and Field Trip 

Day 4 Structural Modifications 

Day 5 Monitoring 





Assessment of Fish Needs 
° identifying “target” species 
e Developing information for 


“target” species 
e Developing habitat information 
e Putting it all together 


e Developing quantitative, 
measurable restoration goals 
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Day 2 
The Basic ingredient - WATER 


e Flow as a potential limiting factor 
e History of instream flow 
e Overview of instream flow methods 


¢ Developing instream flow 
recommendations 


Day 3 
FISH PASSAGE 


e Re-connecting the 
river system 


% e Barrier analysis 
a e Fish passage 
solutions 
e Field trip 


Day 4 
Structural Habitat 


Management 
¢ Pro’s and Con’s 
e Planning and 
implementation 
° Tools of the 
trade 
e Workshop - 
Evaluating 
design 














Day 5 


e Monitoring 
— Dr. Brett Roper 


Focus Areas 


e Middie Rio Grande 
e San Juan River 
e Montane, coidwater streams 





_ otters 
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Definitions 


eRestoration 
e Rehabilitation 
eReclamation 


“Human activity has 

© profoundly affected rivers 
and streams in all parts of 
the world, to such an 
extent that it is now 
extremely difficult to find 
any stream which has not 
been in some way altered, 
and probably quite 
impossible to find any 
such river.” 


- H.B.N Hynes 1970 


FISRWG 1998 
| (Handout) 


















Restoration 


“reestablishment of ecosystem 
structure and function” 





Return to pre-disturbance 
conditions 


e Recognize that ecosystems are 
naturally dynamic 


Not always possible to re-create 
exactly 


include measures to restore 
dynamic equilibrium 


First step....halt the disturbance 
activities FISRWG 1998 
































3 approaches to 
restoration 


° Non-intervention 
e Partial intervention 
e Substantial intervention 




































Rehabilitation 
“making land useful again 


¢ Does reestablish geologic and hydrologic 
stability 
¢ Can the Middle Rio Grande be rehabilitated? 


FISRWG, 1998 















































Reclamation 
“activities changing biophysical 
capacity of ecosystem” 


* Historically implied 
adapting natural 
resources to human 
purposes 
¢ Can we do 
“reclamation” wor 
a stream? 


FISRWG 1998 


The Bottom Line 


identifying your 
“target” species 
¢ Sport fisheries 
e Endangered species 
¢ Non-natives 
e Concept of guilds 
e Community approach 








caer: 
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Guilds 


‘an ecological group distinguished 
by a special mode of life” 


*Groupings based on 
similar habitat requirements 


*Evaluation species 


selected to represent each 
guild 


eCan simplify analysis 


*Overcomes data gaps 


®@ 


(Handout) 
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SGteqories fron Mokanson (1977) 
Pcetegaries fron Bator (1975) 


Sryeman neres from Robbins et at. (3986) 
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Community approach to 


restoration 
“ecosystem management” 
Not species specific 


Focus on hydrologic, chemical and 
geomorphic functions 


Often involves total corridor/channel 
reconstruction 


Assumes biota will respond 
Often similar to species management 












Who are we 
managing for? 


Developing life history 

information for your “target” 
species Fo. 

¢ Population status ‘ 

e Age, growth and condition 

e Reproductive strategy 

e Predators, competitors, and prey 

e Habitat requirements by life stage 

¢ Developing periodicity charts 
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‘Remember, what we need to 
know and what we’d like to 
know may differ 


Locating 
historical 
records 
may not be 
easy 
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e Native 
species 


e Non-native 
species 
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Budley and Piatania 1997 





Relative 
Abundance 





e Catch per unit 
effort (CPUE) 


e Spatial Trends 


¢ Temporal 
Trends 





Fith ca) 10K 
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Dudley and Piatania 1997 
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Population Estimates 
e Increased emphasis due to ESA 
recovery goals 


Removal estimates for smaller 
streams 


Mark-Recapture estimates for 
larger streams 


Seasonal and spatial 
considerations 


Annual variation 


Importance of standardized 
methods 


Consult fisheries text 


Age, Growth and Condition 













What can we learn from 
aging fish? 

e Sexual maturity 

¢e Migration patterns 

e Dietary shifts 

e Life span 

° Growth pattern 


e Linkage to environmental 
variables 
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Using Length- 
Frequency Histograms 


Holden 1999 











Length-Frequency 


Histograms 
e Easily applied tool 

e Size range 

e Size distribution 

¢ identifying cohorts 

e Growth rate estimates 
e Survivor estimates 


Fish Condition 


e Relating fish weight to length 
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Nemst squares bre 
88% confidence cierval 


‘Log whole body inass (gins) 





; "1 


30°35 40 45 50. 55 60 65 70°75 :BO £5: 90 
Staridard length {mm} 


Figast. Sianaard tered whole body zeae relationsalp tex Fun Grande silvery minsow 


USFWS 1999 


Fish Condition 


e Relating fish weight to length 


e How does the condition of 
your fish stack up? 


K=(W*X)/L3 


Where K= condition factor 
W = weight (g) 
L = length (mm) 
X = constant (105) 
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Fish Condition 


° Relating fish weight to length 

° How does the condition of 
your fish stack up? 

e Concept of “relative 
condition” 


Wr = W/Ws * 100 


Wr = relative weight of fish 

W = actual weight of fish 

Ws = standard weight of fish of 
measured length 
(75 percentile weight for species) 

Wr > 100 indicates excellent 
condition 


Fish Condition 


¢ Relating fish weight to length 


e How does the condition of 
your fish stack up? 


e Concept of “relative 
condition” 


e Spatial and temporal variation 
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Reproductive Strategy 
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Where in the food 
chain? 
How do Cutthroat 
and RGSM differ? 
Species and life 
stage competition? 
; wl Temporal and spatial 
We ae trends in condition? 


i re 


FISRWG 1998 


Predator — Prey Relations 
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FIGURE 3 
RIO GRANDE SILVERY MINNOW AND RED SHINER DENSITY 
it SAN. ACACIA REACH DURING YEARS 1999 AND 2000 
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Habitat requirements by life stage 
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Physical 
Habitat 
iRequirements 


* Quantity and Quality 
¢ Timing critical 
¢ All life stages 
— Spawning and 
incubation 


— Larval stages/fry 
development 


— Juvenile 
— Adult 
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Building a Periodicity 
Chart and Habitat 
Matrix 
° Step 1 


— Review habitat use for cutthroat (See 
HSI handout) 


e Step 2 
—Build periodicity chart for species 








(Handout) 





Building a Periodicity 
Chart and Habitat 












Matrix 
e Step 1 
—Review habitat use for cutthroat 
(handout) 
e Step 2 


—Build periodicity chart for species 
e Step 3 

—Complete a guild descriptor matrix for 
species (handout) 
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Building a Periodicity 

Chart and Habitat Matrix 
e Step 1 

— Review habitat use for cutthroat 
e Step 2 

— Build periodicity chart for species 
e Step 3 

— Complete a guild descriptor matrix for species 
°e Step 4 

— Discuss and compare results 
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Developing your 
formation 







Where and when 
available? 


Basic Watershed 
Function 


Lane’s Balance e Produce 


= water and 
“=? sediment 


DED se Dees ; : L 
tithnantisiimininommum tsa vnan, Water and 
‘SHIGEMIO dy Ue BY ORTY PRP ay Tene Pe BH US ow mer to Dusan Cement: at 
ecseceereon ae - sediment 
Sg ig ern nay a RRS 
rei Ges : ¢ 


FISRWG 1998 habitat 


intuitive 
Watershed- 


Habitat 
Relations 


Look at the 
watershed, 
think of the 
stream! 














Intuitive 
Watershed- 


Habitat 
Relations 


Look at the 
watershed, 
think of the 
stream! 








intuitive 
Watershed- 


Habitat 
Relations 








Look at the 
watershed, 
think of the 
stream! 





; Watershed-Habitat 
| Relationships 








Watershed 


Location 
Watershed- Mack 
Orientation 


Habitat eran 
Relationships 


Ground Cover Water Regimen Drainage System 
Glaciers Quality factors Order 

Alpine Meadows Lengths 
Muskegs : , Shape 
Timber Dissolved solids Drainage density 


Color 
Logged over Gradients 
Stream canopy Quantity factors Relief 


i Floods 

Soil exposure Ponding 
Summer lows 

Developments ‘ Channel competence 


ows 


instream Habitat 
Adapted from: Ziemer 1973 pa caocie 


Area 
Gradient 
Access 





Applying Lane’s Balance 


Fes 









Land and Water Use Effects 
“Flow augmentation” 


Applying Lane’s Balance 


* 


Land and Water Use Effects 
“Water diversion” 




















Applying Lane’s Balance 










Land and 
Water Use 
Effects 


“Sediment 
loading” 


Land and 
Water Use 


“Water and 
sediment 
storage” 


e Temporal 
e Spatial 


* thy 
mes 


Diaphar 


| oe ee 


Fegere 14 Aercanat aprsqnatcte. Son Ore Mar ac Dies oe Paar Comms. od VSR? 1 tes 


Holden 1999 
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Spatial Considerations 


‘Hierarchy of ae etroane Pagntaine 


Zonation 
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FISRWG 1998 
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Changing 
biology 
with 
changing 
zones — 


The River 
Continuum 
Concept 


Pique > ae Te Mi Kiser iain Cee That nein 3 9 anaes 9 Sets seals banners 
OEE TNC ODOM ATOZ 
Mead RS Reamer 1 ‘ 


FISRWG 1998 © = 


Ge Ssovine rot ian Aig: Sis Sterne ses 





ong 


Figure 1.12: Cross section of a stream tha nel 

thé scarp is the sloped bank and the thalweg 

‘the lowest part of the channel. 20° : 
FISRWG 1998 












Latitudinal Zonation 





Figure U6. Meiwine sucam flow ‘alloctty of 0 Gurwe Grsesecion fanz te: 
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More Complex River 
Cross-Section 
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Spatial Considerations 


ener System Reach Spee “Post tiin $ Steer 


FISRWG 4998 Fown'2.32- Hierarchical organization ote stream, eee its habitat sabia! 
Biirnnions datcar spatial ale, nacre Ko-sacond: o¢ third-avter mncunitaie st¥varn 


Macrohabitat characteristics to 
segment into reaches 


Macrohabitat 


Characteristics 
¢ Hydrology 


e Water quality 

e Water temperature 

e Channel morphology 
e Riparian vegetation 














Hydrology 
“Signature flows” 
























¢ Q,.) average 
discharge or 
average annual 
flow 

e inflows/outflows 


hon BS ee 5 e impoundments 








Hydrology 
“Signature flows” 


© Qios Qs03 Qo - 
: ~ exceedence 
st values from 
= ——— flow duration 
analysis 
e Normalization 
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7 of Tite Flow Equoibed:ar Esc bades a 


o (6) Ree Oiranion, Saree: ew Sele Gara Tar es and sued Buaynert: Than, Righiors BS= 












Hydrology 
“Signature flows” 


_ « Flood 
frequency 







Q,, 
Qp:s 
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Hydrology 
“Signature flows” 


<¢ ; 
ui pearied ar yeOrs 


"Figure 5 Se/a dep bom toe tijapice atin ace eras Se pc Nagra See aan Be Bg Re - 


e Low flow frequency - Q,,,, 


Macrohabitat 


Characteristics 


e Hydrology 


e Water quality 
— Dissolved oxygen 
os pH 
— Conductivity 
— Nutrients 
— Toxics 
—Macroinvertebrates 





pH 


Conductivity 
Nutrients 
Toxics 















Macroinvertebrates 
Indices of WQ 


e Taxa richness 

e EPT ratio 

e % dominant taxa 

° Diversity 

e Collector- 
gatherers/scrapers 

e Tolerance values 
















Macrohabitat 


Characteristics 
e Hydrology 
e Water quality 
e Water temperature 
— Minimums 
—Maximums 
—Means 
— Target species criteria 


Optimal Temperature Varies by 
Species and Life Stage 


Cutthroat Channel 
Trout Catfish 


(Hickman and Raleigh 1982) | (McMahon and Terrell 1982) 


12-159° | 26-29% 








T 
Spawning 6-17°%c 21° c (min) 





+— 


9-1 4 0 tof 1 5.5-29.5° Cc 
<18°c | 29-30°c 
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Macrohabitat 
Characteristics 


e Hydrology 

e Water quality 

e Water temperature 

e Channel morphology 


Channel Morphology 


Hing ct 





sification 


; Rosgen Clas 
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Macrohabitat 
Characteristics 


e Hydrology 
e Water quality 

e Water temperature 

e Channel morphology 
e Riparian vegetation 
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Vegetation Progression Along Channel 


Moving on to 
Mesohabitat 
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spatial 
Considerations © 
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Mesohabitat cHaaetonietice to 
stratify the reaches 





Mesohabitat 


“Distinct hydro-morphological units 
spatially arranged within a stream 
reach and generally differing in water 
depth, velocity, cover, and fish habitat 
suitability characteristics” 


Parasiewicz 2001 


Mesohabitat 


e What is it? 
¢ Spatial scale broader than 


microhabitat, but narrower 
than macrohabitat 
e Allow better identification of 


community-level habi 
patterns 





nN 


i Silt ae Se 


> 


Types of Mesohabitats 


e Numerous approaches 


e Often tailored to stream and 
target species 


e Basic units 


—Pool 
—Riffle 
—Run 
¢ Forest Service R1/R4 types 


Ri/R4 (Northern/Intermouniain 
Regions) Fish and Fish Habitat 
Standard Inventory Procedures 
Lnt-Tate} efoto) v4 

©. Kesry Qvertos 
S$! P. Wolirab 
B: 


warts 
Michael &. Radno 


erton et al, 1997 


—— 


wascade wosteep gradient 


iffle (>7%) 
omposed of 
cascades, falls, 
bedrock chutes 


Overton et al, 1997 











High Gradient Riffle 


¢ Steep and swift 


° Low to 
moderate 
depth 


e Exposed 
substrate and 
broken water 


(white water) 
Overton et al, 1997 


“Low Gradient Riffie 


| ¢ Gradient <4% 
¢ Surface 
agitation 
¢ Substrate 
usually grave! 


= and cobble 
dominate 


Overton et al, 1997’ 


¢ Deep, fast with 
defined thalweg 


e Little surface 
agitation 
e Usually >0.30 m/sec 


Bern 









Overton et al, 1997 











velocities 

No surface agitation 
No defined thalweg 
Appear pool like 


| 
Low to moderate 
| 





Overton et al, 1997 


DAMMED POOL Formed by downstream 
damming action 


Deepest area is on the 
downstream end of pool 


| 
| 


Overton et al, 1997 


Lateral Scour Pool 
(Boudaer Formed} 


2° Scour pool on 
© one side of 
stream 
e Flow directed 
laterally by 
partial channel 
obstruction 





Overton et al, 1997 

















Mig Channel Poo! 


e Scour pool in 
middle of channel 

e Flow directed to 
mid-channel by 
partial channel 
obstruction 


j Overton et al, 1997 


SLUMGE POOL. 


e Scour pool from 
vertically falling 
water 


Overton et al, 1997 





Step Pool 


° Series of three or 
more mid-scour 
pools 

° Separated by 
turbulent water 

°e Length of turbulent 
water cannot 
exceed average 
wetted width (or 


type separately) 



















Overton et al, 1997 





Microhabitat 
Commonly includes: 


- Water depths - Substrates 
e Minimum ° Dominant 
e Maximum e Frequency 
e Mean distribution 
- Water ° Embeddedness 
velocities ~ Cover 
e Mean ° Types 
e Nose e Availiability 
e Bottom e Fish access 


Sampling Microhabitat 


e Within all, critical, or 
representative mesohabitats 
- Cross-channel transects 
- Grid 
-Random 


Spatial Considerations 


¢ Longitudinal zonation 

e Latitudinal zonation 

e Macrohabitat 

e Mesohabitat 

¢ Microhabitat 

e Additional considerations 





























Additional Considerations 


e Barriers to fish movement 
— Physical 
— Hydraulic 


Additional 


Considerations 
e Barriers to fish movement 
e ice dynamics 
— Shelf 
—Frazil 
: — Anchor 


Additional 
Considerations 


e Barriers to fish movement 
e ice dynamics 
¢ Flow variability 

— Power peaking 

— Treatment plants 

— Real problem if comparing reaches 





tl 


in-Class Problem #2 
Slide Quiz!! 


In Class Slide Quiz 


e identify instream habitat 
features 


e 10 slides will be shown 


e Answer multiple choice 
questions 


e Self graded review 
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Morning Wr: 


e Designing your 
habitat study 
from the 
watershed 
down 


e Most every 
study is 
somehow 
unique 








important 
Considerations 
° Specific objectives .... 2 
° Time oy: 
° $$$$$$$S$ 
e Manpower 
¢ Sampling protocols 














we 


Coeur d’Alene River, Idaho 





ae 














South Fork Coeur 


d’Alene River 
e Objective 
— Develop a preliminary physical habitat 


restoration plan for salmonids in 20+ 
miles of stream 


¢ Considerations 


—Important to personally observe entire 
length 


—Tight schedule 


— Reaches stratified by hydrology, WQ, 
morphology, and land use 













SFCDR Reach 0 














Habitat Survey 
Protocols 


Handout of survey forms 
Desired characteristics 
— Rapid 

— Thorough 


— Defensible 


Hybrid of FS Basin-wide and MT TMDL 
Basic sampling unit - meschabitat 
Sampling rate of 1-2 miles per day 
Only one person for continuity 


Qualitative and quantitative 
assessment 
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Day 1 

Assessment of Fish Needs 

e identifying “target” species 

e Developing information for 
“target” species 

e Developing habitat 
information 

e Putting it all together 


Afternoon Workshop 


“Putting it all together — 
the search for bottlenecks” 


What is a 
Limiting Factor? 


e “Any condition that approaches or 
exceeds the limits of tolerance by 
an organism” 

e “A habitat component whose 
quantity constrains or limits the 
size of a population” 

¢ Can be biological, chemical or 
physical 


Armantrout 1998 








Afternoon Workshop 


e Reference stream approach 

e Potential limiting factors 
-~Temperature (SSTEMP) 
-Physical habitat (HEP/HSI) 









Reference Stream Approach 


Pro’s and Con’s 
e Definition 
-*A& stream similar in character to 


the test stream, absent the 
disturbance” 


e Provides measuri 
what could be 


els there ever a “pé 
reference streamZ 


e At what spatial s e: 












Types of Reference 





Streams 
e Historical comparisons 














® 
y “8 





Historical 
Comparisons 


e Usually first choice 
e Data often hard to find 





Types of Reference 


Streams 
¢ Historical comparisons 


e Upstream/downstream 
comparisons 


Upstream/Downstream 


e Usually second 
choice 
- Downstream 


complicated by 
upstream 


—-Upstream 
complicated by 
differing watershed 
conditions 














Types of Reference 


Streams 
e Historical comparisons 


e Upstream/downstream 
comparisons 


e Paired watersheds 





Paired Watersheds 


e Usually 3 Choice 
e Most commonly used 


























in-Class Problem #3 


How Close is Close Enough? 


e Review comparison plots 
e Develop decision matrix 


e Select reference for each CFR 
reach 


e Discuss results 


Afternoon Workshop 


e Reference stream approach 
¢ Potential limiting factors 
-Temperature (SSTEMP) 
- Physical habitat (HEP/HSI) 


Exploring Temperature 
as a Limiting Factor 


SSTemp for 
Windows 








SSTemp for Windows 










_ (Bartholow 1999) 


SSTemp for Windows 


e Developed by USGS 

° Scaled down version of SNTemp 

° Single stream segment for single 
time period 

e Estimates min, max and mean 
temps 

e Allows for evaluation of flow, 
shading and morphology 
alternatives 


° Software relatively easy to use! 


SSTemp for Windows 
Availability 


=< Download - Free 


www.mesc.usgs.gov 
Products, Software and Predictive models 


Mid-Continent Ecological Service Center 
Version 1.0.0 Revised April 1999 
Ft. Collins, CO 











Walk Through of 
SSTemp Software 


in Class Problem #4 


Evaluating water 
temperature as a 
potential limiting factor 
for RGSM in the 
Middie Rio Grande River 
@Aibuquerque to Isleta 
Reach using SSTemp 





Class SSTemp 
Problem 






e Pair off 
e Review aerial photos 
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Class SSTemp Problem 


¢ Pair off 
¢ Review aerial photos 
¢ information provided 
Flow 
Temperature 


Channel morphology 
RGSM temperature preferences 


e Complete and discuss results 
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Habitat as a Limiting 
Factor 


Habitat Evaluation Procedures 
(HEP) 
Habitat Suitability indices 
(HSI) 


HEP/HSI 


e Developed by USFWS in 1980’s 
° Species and life stage specific 
e Based on 2 ecological principles 
- Habitat has a definable carrying 
capacity to support wildlife 
- Habitat suitability for a species can 
be estimated based on measurable 
vegetative, physical and chemical 
traits 
e Basic unit of measure is Habitat 
Unit 
where: HU= AREA * HSI 


General Uses of HEP 


e Assess impacts of land and 
water development 
e Allows two types of 
comparisons 
- Different areas at same point in 
time 
- Same area at different points in 
time 











HEP is the general 
accounting system for 
assessing impacts, 
while HSI is the 
species-specific 
technical model for 
quantifying habitat 
quality 





HSI 


e Suitability described on scale of 0 
(unsuitable) to 1 (optimum) 

¢ Developed/applied for species, life 
stages, guilds, and/or communities 


e Specific field methods left to 
investigator 


¢ Localized habitat use info can be 
substituted 


Restoration Uses of 
HEP/HSI 


¢ identify potential limiting factors 

¢ Compare existing habitat between 
candidate reaches/sites 

e Assess habitat impacts due to 
historic uses 

e Estimate future habitat gains from 
possible restoration strategies 








HEP/HSI Availability 


e HEP/HSI Publications 
— WWW.IMESC.USgS.ZOV 


e Blue Books online (National Wetlands 
Research Center) 


— www.nwrc.gov/wdb/pub/hsi/hsiindex.htm 


¢ Computer Software 
—- HEP — DOS version, unsupported 


* www.mesc.usgs.qov/products/software 
* windows version coming “soon” 


- HSI - DOS version, unsupported 


* www.mesc.usgs.gov/products/software 
* No windows version planned 


Walk Through of 
Cutthroat Trout HSI Model 


Handout 


Habitat 
requirements 


Model components 
Suitability graphs 
Component scores 
Overall HSI score 


In Class Problem #5 








identifying Limiting Factors 
using Cutthroat HSI 


e Group 1 - Calculate HSI for 
reference stream 

e Group 2 - Caiculate HSI for test 
stream 

e Discussion 
- Score variation 

- identified limiting factors 

- Possible management actions 

- Objective statements 













Day One Wrap-Up! 
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BLM TRAINING COURSE No. 7000-12 
AQUATIC HABITAT RESTORATION & ENHANCEMENT 
August 5 - 9, 2002 
Albuquerque, NM 


DAY TWO: Habitat Restoration Analysis & Design - The Basic Ingredient, WATER! 


Review and clean-up from Day One (15 minutes) 

Instream Flow, an issue that’s changed the West (and beyond)! (30 minutes) 
/ Where have we been? 

/ Where are we now? 

/ Where are we headed? 


Exploring “Flow” as a potential limiting factor (2 hrs, 15 minutes) 


/ Brief review of “signature flow” comparisons, SSTEMP, HEP/HSI 
/ Indicators of Hydrologic Alteration (IHA) 
©Video, “Managing River Flows for Biodiversity” 
©Background & summary 
©Walk-through of IHA software 
©In-class Problem #6 - Using IHA to assess Middle Rio Grande flow changes 
Overview of Instream Flow Methods (1 hour) 
/”Rule-of-thumb” approaches based on historical discharge records 
/ Single transect approaches (“critical” site analysis) 
/ Multiple transect one-dimensional approaches (“representative” site analysis) 
/ Two-dimensional modeling 
/ Maintenance of sediment transport & channel morphology 
©Flushing flows - North Platte River case study 
©Channel maintenance flows 
©Riparian restoration flows 
/”Mimicry” of a natural hydrograph - San Juan River case study 


Lunch Break 


AFTERNOON WORKSHOP, “Developing Instream Flow Recommendations” (4hr) 
/ Using WinXSPRO to analyze channel cross-sections & develop IF's 

©Background & summary 

©Getting to know the software (copy for each participant) 

©In-class Problem #7 - Using WinXSPRO to develop IF recommendations 
/ Using RHABSIM to develop IF’s for fisheries 

©Background & summary 

©Walk-through of field data collection 

©Walk-through & demonstration of software 

©In-class Problem #8 - Using RHABSIM output to evaluate IF trade-offs 
/ Designing a mitigative flushing flow regime - Deadman Creek case study 
/ Class discussion of IF applications 


Discussion and wrap-up for Day Two 


Day 2 
The Basic Ingredie 
WATER 


e instream flow - an issue that has 
changed the West 


e Exploring flow as a limiting factor 


e Overview of instream flow 
methods 


¢ Workshop on developing instream 
flow recommendations 


instream flow - an issue 
that has changed the West 


instream Flow 


“A flow or flow regime 
released or protected to 
maintain or improve an 
identified instream value or 
use.” 








ae 


a et, Rl 


instream flow -— an issue 
that has changed the West 


Where have we been? 





instream flow — an issue 
that has changed the West 


Where are we 








(7065 [A St ALAA iy lon) Mgut a ae 5 


re Lite gets 














“Dynamic” instream flows 


° instream flows for 
fisheries, WQ.... 


¢ Flushing flows \~ ~ 

e Channel 
maintenance flows, 

°¢ Riparian 
maintenance flows;,.™ 


Instream flow - an issue 
that has chan led the West 


oo 


Ecosystem 


sap 
ey 








Hydrology as a Limiting 
Factor 


indicators of Hydrologic Alteration 
(IHA Model) 





IHA Model 


Developed in mid 1990’s by Nature 
Conservancy 
Tool for calculating hydrologic regime 
characteristics us ng daily streamflow, water 
stage, groundwater levels, or lake levels 

¢ Analyze changes over time 
identifies type and degree of change 
Converts long term data into 33 wut, Table 3 
relevant parameters ( See handout, Table 1 
RVA (Range of Variability Approach) 
establishes target ranges for 33 parameters 
Software available 














Availability of 










Indicators of 

Hydrologic HA 

Alteration 

User's Manual ° Currently, free through 
Smythe Scientific 
Software or 

Nas ° abit inca 
Cor ISEIV ancy. www.freshwaters.org 
with ¢ Chuck Smythe 
headers vipers - csmythe@webaccess.net 








303-499-0222 






Walk Through IHA 
Software 


Analyzing Changes in 
MRG Hydrology using IHA 


e Step 1- Review the problem 
Step 2 - Load and run IHA 


Step 3 - Review your IHA 
output 


Step 4 - Answer questions in 
probiem 


Step 5 - Discussion 


Overview 
of 
instream 
Flow 
Methods 


www.instreamflowcouncil.org 
1-800-537-6727 
$40 plus S&H 
if any are left 





IF Approaches 


¢ Rule of thumb 

¢ Single transect 

¢ Multiple transect (1D) 
¢ 2D modeling 

¢ Sediment transport 

¢ Hydrograph “mimic 








@ 


fjanees soene guns ganan anana toe) gy0ay 
poenes ace 
1 NUBRS 59552 OneBS Be0Ea I>eRE NEOAES BIO 
5 4 unas & Ob0d BOISE audae Caead, feng 5 
f 2 0eete voogs casag SUANU GREE HERAT MLI*Y it 
J vesssessssatson ante zee antes ageah 


mnana nasea ps2q 
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re 3 3 
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ad Ww 
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2 c 2. 
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- Average discharge 


- Flow duration 
¢ Seldom used any longer 


mean Q@ 
60-100% 
e Late season 


e Optimum = 
¢ Spawning Q=Q,, 


e Tennant Method 
¢ Hoppe Method 

e Determine 

° Rearing Q=Q,, 

° Flushing Q=Q,, 














Single Transect 

(critical site analysis) 

e Wetted 

perimeter 
° Passage 

° Spawning 

°e Rearing 










Wetted Perimeter 


Select shallow 
riffle x-section 
Measure/model at 
multiple flows 
Plot wetted 
perimeter-flow 
relationship 
Determine 
inflection point 


DISCHARGE (CFS) 









Multiple Transect 
(representative site) _ 





wer 








PHABSIM 
Physical HABitat SiMulation 


FISRWG 1998 





Relations for Different 
Life Stages 








Seasonal 
Considerations 


sean na nea enna nym cnanmiaannry Ap nnnanann nn wnoeainn!Stnlete 


PHabSim 


e Available through 
—-www.mesc.usgs.gov 
° Cost = Free 


e Classes available 


e Even windows version has 
pretty steep learning curve 


RHABSIM 


Riverine HABitat SiMulation 


e Developed by T. R. Payne & 
Associates 


More user friendly 

Windows Version 

Cost $895.00 
http://www.northcoast.com/~trpa 
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1D 


PHABSIM 

20+ years 

Transect based 

(D, velocity, substrate) 
Simple channels 

WUA output 


Data collected at three 
flows 


Lower cost 


2-Dimensional Modeling 


New approaches for complex 
channels 






2D 


River 2D 

Cutting edge 

Site based 

(terrain analysis) 
Complex channel 
WUA w/mesohabitat 
option using ARCinfo 
Field intensive, but 
one time 

Computer intensive 
Hydraulic engineer 
Higher cost 


(See handout, Waddle et al, 2000) 


1-D Habitat Representation 
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With 2-D 

Models, 

complex 
channels can 
be explicitly 
represented 














Combined Suitability Merced R. Brown Trout Adult Combined Suitability 

















Patches of Habitat, Elk Island, Yellowstone R., 
142 cms 


ane fast i’ Tard 
and shaw (2 Tm ¢ 


and tast Cy Fin dees, 


read 


(See Parasiewicz, 2001, Handout) 








2 Dimensional Habitat 
Modeling 







Pros 

¢ Better than 1D at Cons 

- Backwater ° Data intensive, 

— islands i 

Srmmetinnd increased costs 

- Velocity distribution e Large computational 
¢ Covers area not transect costs 
° Ch habi 

vere (areinte) rites ° Processing is slow 






(2 weeks on some 
complex channels) 
¢ Steep learning curve 
plus need Arcinfo to 
visually present data 
° Depth averaged 
e Need hydraulic 
engineer’s help 














Sediment Transport 


¢ Flushing 
e Channel 
maintenance 
¢ Riparian 
restoration 
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Flushing Flow 


e Definition 
- Short duration 
-High magnitude 
-“Artificial” floods 
e Uses 


- Effective below dams 
—- Mitigation 
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Bed 
material 
sampling 


Sediment 
transport 
sampling 


Suspended 
sediment 
transport 
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Sunpay, Maecn (W2eco 
“FElusy itt TRouT” 


5 2GC Speers 


Be rT Zs 
North Platte fishery reborn as 


dam flows cleanse spawning area 


(casPem — Mark Boname 


Shop in Casper, that Gaiatessential trou: is 
Waller 


“Two years ago on the Fourth af July, we 
were the any baat an the river,” Boname sad 
as be watched a flotilis of driftboats parad= 
downstream from the Gray Reef Access Area. 
“A lot bas changed in two years.” 

Indeed it has. Four years ago. after veers of 
negotiations and s:udy, the Wyoming Fly Cast- 
exe, 2 determined conservation group of only 
150 members, prevailed upon the U-S. Bureau 
of Reclamation to reiease heavy Gushing Sows 
fren Alcova Dem upstream 

To achieve the cieaaup low’, the Wyomung 


from generators at Alcova would be a worth- 
while sacrifice. 
™BaRec is coming around,” said Greg 
Muelier, a river guide for the Platte River Flv 
‘Shop, (307) 237-5997. "They realize the recre~ 
ational valine” 
Now, every March and October before rama. 
bow and brown trout spawn, the river rises 
briefly from 500 cubic feet per second to 4,000 
cfs. As a result of the scrubbmg, aquatic insect 
populations have and trout eggs sur- 
‘vive and hatch. Once the stretch was beavily 
dependent on stocking. Now more than half of 
its trout are reproduced naturally. 

owner Ron Dutton says about 80 per- 
cent af trout in the river are rainbows, 5 to 10 


we've seen Was 29% inches Jong and 25/4 
es around. The Game ard! Fish De 
estimated it weighed 18 pounds.” 


bay 
Eomnt eel cto acs 
vorabiy compare the stretch 
le. 24 miles upstream on the North 


Gusde Mark Boname of Casper hoids a 6-pound mate rambo 
\cal of the robus: trout of tne Gray Reef sveich of the North PI 


Dar a 
daily and possession limit af just one tre 
inches or longer. 

‘That won't protect Walter entirely. B 
should give anglers pause to remember 
honor the hard work that resulted 1 at 
@ush with ish. 


Channel Maintenance 


e Range of higher flows 
(<Qe49) 

e Gravel bed rivers 
(unregulated) 

° Maintain physical 
features an 
processes 
- Bedload transport 
- Channel 

morphology/geometry 

e USDA Forest Service 


(See Schmidt and Potyondy, 2001 
Handout) 


General Model of Sediment Transport 
Processes for Channel Maintenance in 
Gravel-Bed Rivers 
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Typical Above Average Channe! Maintenance instream Flow 
(Water Year 1971 - Rows Exceeded 20% of Years) 





Quy (1.072 cs) | 


@ Actual Sireamfiow 
Bi Instream Flow 


Natural Water Yield 57,188 acre-feet 
instream Flow Need 44% of total 


Discharge (CFS) 





Typical Below Average Channel Maintenance instream Flow 
(Water Year 1976 - Flows Exceeded 80% of Years) 


B Actual Streamflow 

@ instream Flow 

Natural Water Yield 26,593 acre-feet 
instream Flow Need 0% 



















Riparian Restoration 
Owens River, CA (See Hili and Platts, 1998 Handout) 





e Passive 
restoration 


° Pulse and base 
flows 


e improved aquati 
habitat resulted 







“Mimicry” of Natural Hydrograph 


San Juan River 


e Mimicry of historic flow 
variability 

¢ Target species, CPM & RBS 

e Based on Q/geomorph/habitat 

e Recognizes water use g- 

e Extensive monitoring 


(See Hoiden, 1999 Handout) 


SJR Flow Recommendations 


Frequency 
(years) 


20% Out of bank 
Channel diversity 


, Bankfull 
al Build cobble bars 
Clean backwaters 


80% Clean cobble bars 


es 
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Day 2 
The Basic Ingredie@ 
WATER % 


instream flow - an issue that has 
changed the West 


Exploring flow as a limiting factor 
Overview of instream flow methods 


Workshop on developing instream flow 
recommendations 


Afternoon Workshop 


Developing instream Flow 
Recommendations 


e WinXSPro 
e RHABSIM 


e Designing mitigative flushing 
flow regime 


’—Deadman Creek Case Study 


interactive 
Software 

Models single 
stream channel 
cross sections 
Geometry, 
hydraulics and 
sediment transport 
Steep gradient 
(>1%) 

USDA Forest 
Service and WEST 











* 


WinXSPRO Applications 


e Channel design 

e Riparian restoration 

e instream structures 

e Fish habitat evaluation 
e instream flow analyses 














Figure 2.1. Definition diagram for hydraulic parameters. USDA and WEST 1998 








©) 


in-Class Problem #7 


Problem steps 


Load program 

input field data 

Run program 

Complete analysis 

Compare and discuss results 


RHABSIM 


SC Secorish ReAstian Babess Dichurge asd | 
* gat chacsint tor Sach cite eae a 


Pee Pe ahes eh Athi Cicer eae 


FISRWG 1998 


Wedgidind ©: 
Uredetso Arca 





RHABSIM 
Walk through 













































Using RHABSIM to 
Evaluate IF Trade-offs 


e Information provided 
—WUA plots for 3 salmonid species and life 
stages 
— WUA data tables 
— Mean monthly hydrograph plot 
— Flow duration table 





Using RHABSIM to 
Evaluate IF Trade-offs 


e information provided 
e Based on information 
— Develop periodicity chart 
— Determine optimum flows 
— Incorporate flows into periodicity chart 
— Evaluate instream flow trade-offs by month 


— Compare monthly instream flows to historic 
records 


— Recommend an instream flow for each month 
e Compare and discuss results OSs 


Mitigative Flushing 
Flow Regime 



































Quantify the problem 
Select “critical” reach 


Establish “target” 


Develop sediment transport 
relations 


Determine magnitude/duration 
of Qer 


implement and evaluate 




















Q,_,- Approach 


> Quantifying the problem 
>Sediment quantity 


>deposition depth, Ibs/ft2, 
tons 
>Substrate quality 


>ds9, % fines 








Q,-- Approach 


> Quantify the problem 

> Select “critical” reach 
>Key habitats 
>Deposition characteristics 


> Sediment transport capability 
>“Stream Power-Q,, relations 


Deadman Creek - 1987 


Bed Material 
% Finer by Wt 


» 
each 0& 28 
deo = 26 





10 1.0 
Particle Size (mm) 





DEADMAN CREEK 
SEDIMENT STORAGE 
1987 


LOCATION STORAGE 
(reach) (Ibs/sq ft) 


#0 18.2 
#1 critical reach - 56.1 
#2 18.2 


Natural Pool Storage = 30 Ibs/ft. = TARGET 


Quantity to be Flushed = 56-30 
= 26 Ibs/ft? 
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STREAM POWER 


"A measure of sediment 
transport capability” 


Sw = sp. weight of H20 
D = mean depth 


V = mean velocity 
S = slope 


DEADMAN CREEK 


Stream Power 
10 
Reach 2 Reach 0 


Reach 1 





Q,_- Approach 


> Quantify the problem 
> Select “critical” reach 
> Establish “target” 
> Reduction in sediment storage 
> Improvement in substrate quality 
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DEADMAN CREEK 
SEDIMENT STORAGE 
1987 


LOCATION STORAGE 
(reach) (Ibs/sq ft) 


#0 18.2 

#1 critical reach - 56, 1 

#2 18.2 
Natural Pool Storage = 30 Ibs/ft = TARGET 


Quantity to be Flushed = 56-30 
= 26 Ibs/ft? 


Deadman Creek - 1987 
Bed Material 


s 
reach 0&8: 
fos desta 26 


10 1Olneuee 
Particle Size (mm) 








Q_- Approach 


> Quantify the problem 
> Select “critical” reach 
> Establish “target” 
> Develop sediment transport relations 
> Data sources 
> Field sampling 
> Transport models 
> Similar streams 
> Sediment “import-export’” from “critical” reach 
> Defining “threshold” of flushing flow 
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Te en ie oe ne ae ee a 


RE 
Es 


Q,_- Approach 


> Quantify the problem 

> Select “critical” reach 

> Establish “target” 

> Develop sediment transport relations 

> Determine magnitude/duration of Q,; 
>Net export rate (Q¢_) from “critical” reach 
>Relate Qc- to “target” 
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DEADMAN CREEK 
Qse(tons/day) 


110 / 


/ 
Qee= -17.7 + 14.53/(Qw/Qre) 


iQ se = sediment export 
from Reach 1/ 

5 ii 

/ 

/  Qre-vc = 39 cfs 


Qw-Th= 46 cfs 





FLUSHING FLOW DURATION 


Q Qw/d,| Qs DAYS 


(cfs) T/D 


LS 2 
48 1.23 0.18 18 
50 1.28 0.93 3.5 
55 1.41 2.79 1.2 
60 1.54 4.65 0.7 





DEADMAN CREEK RECOMMENDATIONS 


Q Duration Days Q>= 
(cfs) (days) (1988) 


3.5 2.8 
1.5 
0.7 
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Q_- Approach 


Quantify the problem 

Select “critical” reach 

Establish “target” 

Develop sediment transport relations 
Determine magnitude/duration of Q,, 
implement and evaluate 

>» Negotiation 

> Monitoring 


DEADMAN CREEK 
1988 
Mean Daily Flow(cfs) 
60 


°° ‘Threshold of Flushing / | 


40 Oe. : h___/ 





DEADMAN CREEK EVALUATION 


DATE LBS/SQ FT | dso|(mm) 


8/14/87 56.1 5.9 
6/29/88 36.3 20.5 
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DEADMAN CREEK 
% Finer 


—fl 


d so? 5.5 mm 
% < 2.0mm = 26% 


Post-flush 
dso= 20.5mm 
% < 2.0mm = 12% 








Particle Size (mm) 


Q,_,- Approach 


> Quantify the problem 
> Select “critical” reach 
> Establish “target” 


> Develop sediment transport 
relations 


> Determine magnitude/duration of 
Qe 
> Implement and evaluate 
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BLM TRAINING COURSE No. 7000-12 
AQUATIC HABITAT RESTORATION & ENHANCEMENT 
August 5 - 9, 2002 
Albuquerque, NM 


DAY THREE: Habitat Restoration Analysis & Design - FISH PASSAGE & FIELD TRIP 


Review and clean-up from Day Two (15 minutes) 
WORKSHOP ON FISH PASSAGE 
Re-connecting the river system, an escalating issue! (15 minutes) 
/ Importance of assuring passage for fisheries 
“Common types of barriers 
©Natural 
©Man-made 
Barrier analysis; Can they make it? (1 hour, 15 minutes) 
/ Evaluating potential barriers 
©Barrier geometry 
©Stream hydrology 
©Barrier hydraulics 
©Entrance, passage zone and exit conditions 
/ Fish capabilities 
©Swimming speed and performance 
©Leaping capabilities 
/In-class Problem #9- Barrier analysis for cutthroat trout 
Fish passage solutions (2 hours) 
/ Channel conditions - Putting your habitat survey to work! 
©ldentifying your passage bottlenecks 
©Douglas Creek puzzle 
©South Fork of Coeur d’ Alene River examples 
©Some solutions 
/ Fishway designs - engineered structures at “major” facilities 
©General layout of a fishway site 
©Types of fishway designs 
/ Culvert analysis and design - Introduction to FishXing software program 
©ls your culvert a passage problem? 
©Mini-lectures on culvert hydraulics 
©Walk-through of FishXing software (each participant will get copy) 
©In-class Problem #10- Using FishXing to re-design the upper Douglas Ck culvert 
Lunch Break 
AFTERNOON FIELD TRIP (1:00 - 6:00PM) 
/ Tour of MRG, Albuquerque to San Acacia 
/ Tour stops will highlight planned and ongoing river restoration activities including re- 
establishment of native riparian vegetation, RGSM habitat enhancement, fish 
passage design options, and water conservation/management strategies 
/ Guest speakers from BOR, MRGCD, and NMSU 



































Day 3 
FISH PASSAGE 


e Re-connecting the 
river system 


e Barrier analysis 

° Fish passage 
solutions 

e Field trip 


Re-connecting 














38 eee, Se eee ST == AS Sh Sa 


Barriers to Fish 
Migration 








e Natural 
e Man-made 









eee 

















Stream 
Hydrology 





Analysis Path 


Hydraulics — — - Modification Path 





Barrier 


Modifications neh 


Capabilities 








dee w ee @ = 


'd from Powers and Orsborn, 1985 
s = gam x va 
Perel a4 Aart LAA Te VEILS 


ee \ \ WA “ik 


Adapted from Powers and Orsborn, 1985 





Adapted from Powers and Orsborm, 1985 


Fish Capabilities 


e Swimming speed 

¢ Swimming 
performance 

e Leaping 
capabilities 


Fish Capabilities 


e Swimming speed 
- Sustained 


e no fatigue; normal functions 


| - Prolonged 
; e 15sec to 200 minutes; result 


in fatigue 
- Burst 


° fatigue in 15 seconds or less 








® 





Fish Speeds 


(ft/sec) 


Species Sustained Prolonged Burst 
Steelhead 0-4.6 4.6-13.7 13.7-26.5 


Chinook 0-3.4 3.4-10.8 10.8-22.4 
Coho 0-3.4 3.4-10.6 10.6-21.5 
Sockeye 0-3.2 3.2-10.2 10.2-20.6 
Pink & Chum 0-2.6 2.6-7.7 7.7-15.0 


Cutthroat Trout 0-2.5 2.5-6.0 6.0-14.0 
Brown Trout 0-2.5 2.5-7.0 7.0-13.0 
RGSM 27 2? 2? 





Bell 1984 ??=research underwa 


Swimming Performance 





°e Distance is a function of 
Water velocity (V,,) 
Dy Fish speed (V,) - \yurs\ rele 





i 


Fatigue time (TF) 
°Fish condition (C,.) © 
eLength fish swims (LFS) 


LFS = [(V,C,,)-VwITF 











Fish Condition 


Fish Condition Coefficient 
(C;,) 


Bright: fresh out of salt water or still a long 1.00 
distance from spawning grounds; spawning colors not 
yet developed 





Good: in the river for a short time; spawning colors 
apparent but not fully developed; still migrating 
upstream 





POOr: in the river a long time; full spawning colors 
developed and fully mature; very close to spawning, 
grounds 





a Cic=0 50, corresponds to the upper limit of prolonged speed 








Example of LFS 


STEELHEAD 
TROUT 


~ 
@ 
a 
= 
> 
= 
7) 
2 
e 
> 
- 
© 
= 
© 
2 


2 
7 3 46868 816 20 3040 60 100 150 


From Powers and Maximum Swimming Distance(ft) 
Orsborm, 1985 





Kreuk re ae MDW = SEs 










WATER VELOCITY IM FEET PER SECOND 


MAXIMUM ALLOWABLE DISTANCE GETMEED @EST(GS pOOLS Im FEET 


From Evans and Johnston, 1980 
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Leaping Capabilities 


(a> Analysis based on 
Projectile motion 


HL = (tan@L) XL — [G(xL)?/2 (VFcos@L)?] 


he ga os 
=_ a 

= ~ 
¢ Ss 


4 SolveforHL -, 
~ by varying XL 7," a4 


. 


pune oe 


~~ — 
m7 
s- 


HL = (tan0L) XL — [G(XL)?/ 2 (VFcosOL)’] 


HL = Leap height (a) : 
OL = angle of leap (A) 5 
‘ XL = Horizontal A 
2) length of leap (b) b 
For Angle A: 
tanA=a/b 


sinA =a/c 
cosA =b/c 


G = 32.2 ft/sec? 
VF = Burst speed 


From Powers and Orsbom, 1985 





SPECIES: Steelhead trout 
— — —Cfc = 0.75 


VFB: 26.5 fps 
Cfc = 1.00 


Helght of Leap(ft) 





= © 30 Jk @ LNT} © 








led 


° 
foap 


Range of Leap(ft) 








Ee 


>| = CA 


NE= 1% 





Helght of Leap(ft) 





SPECIES: Pink and Chum VFB: 15 fps 


Cfc = 1.00 


From Powers and Orsbom, 
1985 


7 8 8 10 141 12 


Range of Leap(ft) 





Barrier Analysis for 
Cutthroat Trout 














Com ont Lap Cebpion baa of Ga” 
{ 


Length of Leap (ft) 


Problem 


e Assume a burst speed of 13.0 fps, 
and leap angle of 60 degrees 


e Plot the cutthroat leaping curve 
¢ Will cutthroat pass the barrier? 


e if not, how would you modify the 
barrier? 


Cutthroat Trout Leaping Curves 


= 
a 
<x 
WwW 
Ho 
LL 
O 
— 
28 
oS 
Lu 
ae 


LENGTH OF LEAP (ft) 


Barrier Modifications 


Cutthroat 
Qu 3-step 








HEIGHT OF LEAP (ft) 





OW Shs SS 8 Fe SO OTs 


LENGTH OF LEAP (ft) 


4 Step => 


HEIGHT OF LEAP (ft) 
Oo - nN o > uw a 





GO T2084 Ss AUB Sabet 
LENGTH OF LEAP (ft) 





Fish Passage Solutions 


e Channel Conditions 
e Fishway designs 
e Culvert analysis 


Putting your habitat survey to work! 
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Douglas 
Creek 
Puzzle 
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Some Solutions 


°e Stream flow management 
e Minor channel modifications 


e Structural channel 
management 





STREAMFLOW 
DEBRIS 


Headwater 


(Dam, culvert, WATER EXIT 
waterfall) INLET CHAMBER 


Auxiliary 


Flow 
FISHWAY 
CHAMBERS 


ENTRANCE 


ei CHAMBER 


Attraction 
Flow (Fishway 


“ & Auxiliary) 


Tailwater 
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e Weir and pool 














13 











14 





Types of Fishways 


e Weir and pool 
e Vertical siot 





Types of Fishways 


e Weir and pool 

e Vertical siot 

e Roughened channel 
- Denil 
- Baffles 
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| 
| 


BaCLEAR WIDTH 














Types of Fishways 


e Weir and pool 
e Vertical slot 


e Roughened channel 
—- Denil 
- Baffles 
e Artificial bypass channels 
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FishXing 


Pass out software Si ciRtoat luleract Bie a5 Z 


Install FishXing 


is your culvert a 
problem? 

— Good, Bad and Ugly 
Sing-a-long 
Mini-lectures 

— Hydrology 

- Hydraulics 

_— Tailwater Consideration 
Walk-through FishXing 
in-class problem 





Douglas Creek Culvert 


Analysis 
Design data 
- 154 ft steel pipe arch (12°10” x 8’4”) 

on 0.8% grade 

- Cutthroat trout 
- Flows 1.6-200 cfs 
- No inlet or outlet problem¢g 
Input data and calculate 
Will cutthroat pass? 
If not, what can you do? 
Compare and discuss results 
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Culvert Design 
Discussion 


Afternoon Fieldtrip 
1:00 to ~6:00 PM 


e MRG, Albuquerque to San Acacia 
e Tour stops 
— Los Lunas 
e RGSM habitat restoration 
e Riparian restoration 
- San Acacia 
¢ Fish passage planning 
e RGSM ecology 


e Water conservation and 
management 














Invited Speakers 


¢e Mr. Sterling Grogan, MRGCD 
e Mr. Chris Gorbach, BOR 
¢ Mr Drew Baird, BOR 


¢ Dr. David Cowley, NMSU 
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Day 4 
Structural Habitat Management 


BLM TRAINING COURSE No. 7000-12 
AQUATIC HABITAT RESTORATION & ENHANCEMENT 
August 5 - 9, 2002 
Albuquerque, NM 


DAY FOUR: Habitat Restoration & Design - Structural Habitat Management (SHM) 
© Review and clean-up from Day 3 (15 minutes) 


e Role of SHM in aquatic habitat restoration; Is there one? (45 minutes) 
/ What is SHM? A definition. 
/ Some issues regarding SHM! 
/ When and where might SHM be warranted. 


© Planning and implementing an SHM project (45 minutes) 
/ Some guiding principles 
/ Overview of steps in the SHM process 
“ Common habitat deficiencies remedied by SHM 


@ Coffee Break (15 minutes) 
WORKSHOP - “Art and Science of Structural Habitat Management” (6 hours) 


@ Review of governing physical principles and properties 

/ Design hydrology, the flows that govern your project 
©High flows, the energy needed to create habitats 
©Low flows, providing habitat over most of the year 
©Intermediate flows, for special habitat needs at specific times 
©In-class Problem #11- Determining design flow 

/ Stream hydraulics, the behavior of flow within the channel boundary 
©Ten basic tenets of stream hydraulics from an SHM perspective 
©Two Laws of Physics to consider 
©Manning’s equation and the “ideal” channel 
©When and why do stream sediments move? 
©In-class Problem #12- Evaluating boulder stability 

/ Channel morphology, the template for SHM 
©Using channel classification as a guide 
©Stream Reach Inventory and Channel Stability Evaluation (SRI/CSE) 
©In-class Problem #13 - Applying the SRI/CSE to the Santa Fe River 
©Comparing reference and test streams to assess condition 


€ Lunch Break 
@ Tools of the trade; Design criteria and uses for common structural treatments 


/ Overpour structures; weirs, check dams, plunges, berms, and sills 
©Purposes 


©Design 

©Siting 

©Hydraulic considerations 

©lIn-class Problem #14 - Evaluating hydraulics of a log overpour 
/ Deflectors and constrictors 

©Purposes 

©Design 

©Siting 

©Hydraulic considerations 
/ Substrate modifications for rearing and spawning 

©Boulder placements 

©Treatments for spawning substrate development 

©lIn-class Problem #15 - Using WinXSPRO to evaluate spawning gravel stability 
/ Additional treatments for habitat structure and complexity 

©Tree retards or revetments 

©Tree covers 

©Rootwads 

©Half-logs 

©Additional information sources 
/“ Consideration of “uncertainty” in SHM 

©Why be concerned? 

©Sources of uncertainty 

©Evaluating failure of treatments 

- ©Factors to consider in assigning risk priority 

/In-class Problem #16 - SHM planning for the Santa Fe River 


Wrap-up of Day Four 


























Day 4 


Structural Habitat 
Management 


(SHM) 


Calvin and Hobbes 


e Role of SHM in aquatic habitat 
restoration: Is there one? 


e Planning and implementing SHM 
projects 


¢ Workshop: “Art and Science of 
SHM” 


— Review of governing physical principles 
and properties 


—Tools of the trade; Design criteria and 
uses for common structural treatments 


Role of SHM in Aquatic 


Habitat Restoration: 
ra 


s there one? 





i ee eee 


aa ee ~~ S bao ae ees See a 3 ee eee 


What is SHM? 


“Artificial alteration of the 
channel boundary and 
associated flow 


characteristics to restore or 
enhance aquatic habitat 
quantity or quality” 











SHM Issues 


TO Tat aR eH as: eH 
ES oP AORN OR ed: 
: sy ie 






Treating symptoms or 
curing disease? 
Viable alternative to 
passive restoration? 


















money? 
Long-term benefits or 
short-term fix? 
Aesthetically pleasing or 
artificially engineered? 
Sound management or 
socio-political scape- 
goat? 

Scientifically valid or 
untested hypothesis? 




































(Handout) 


Stream improvement projects have had no 
effect on fisheries habitats and populations 





Cost effective or waste of 





© | 


e 


q 


| 








Caichabie F 


9% Pian gs c. Brraciucr 


HABITAT TYPE 


When and Where is 
SHM Warranted? 


Complement Watershed 


Based Restoration 
e Provide short-term 








e Promote 


e Promote 
storage 

















Total Reconstruction 
Not Possible 


Channelization 
Mining/dredging 
Urban areas 





Special Situations 


¢ Property protection 
e Put and take fisheries 

















Planning and 
Implementing an SHM 
Project 


Guiding Principles 


Learn from nature and anglers 
Don’t make it something it can’t be 
Focus on limiting factors 

Consider species requirements 
Don’t cookbook it! 

Disguise artificiality 

Encourage native vegetation 
Enhance meanders and pool-riffies 
Make sure you have flow! 

Promote water storage ._ \ i 
Integrate with other management 
Follow logical sequence 





Adapted from Hunt, 1993 











eoeoeooensenevnewneoeveeeve 


Adapted from Orth and White, 1999 


RK 


Com Wisconsin 


Steps in SHM Process 





Form inter-disciplinary team 
Establish overall goal 
Examine stream 

Diagnose potential and deficiencies 
Decision: should we proceed? 

Set specific objectives 

Design treatments 

Estimate costs 

Decision: Go or no go? 

Obtain permits 

Develop schedules 

install treatments 

Evaluate initial effects 

inspect and evaluate annually 
PERFORM MAINTENANCE 








od 
\ eq 


Common Habitat Deficiencies 
Remedied by SHM 


e Homogenous channel form 

e Inadequate pool quantity and quality 
e Inadequate cover 

e Reduced over-winter habitat 

e Inadequate spawning habitat 

° inadequate low-velocity habitat 

e Excessive substrate embeddedness 
e Unstable bed material 

e Excessive or inadequate shading 
Unstable, eroding banks 


























Sut solo 

















| 
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Workshop: Art and Science 
of SHM 


The Flows that Control Your 
Design 


The energy to create habitats 
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High Flows 


e importance 
—Treatment stability 


—Potential channel and out-of-channel 
damage 


—Scour and deposition processes 
e Common design flows 

—Bankfull flow 

— Qe, 


Low Flows 


Habitat ee 
maintenance — 
over most of 

year 


Low Flows 


e importance 
— Rearing habitat 
— Temperature regime 
— Reproduction 
—Movement 
e Common design flows 
—Qgp from annual duration series 
—Q,, from monthly duration series 
—Qi10 
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intermediate Flows 


Special 
habitat 
needs at 
specific 
times 


Intermediate Flows 


e importance 
—Reproduction 
—Movement 
e Common design flow 
—Q,, for specific month or period 





Determining Design 
Flows 








Analysis 
of 
existing 


gage 
records 











Ses arene rage oS 


y ; 
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pan one Hig oe aoe, i ea SE Ri ei Nai 
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Determining Design Flows 


° Statistical Models 
—Watershed characteristics 
Q,,=0.012A°88(ELEV/1,000)*?° gene 
—Channel morphology 
Q,,=1.94 W158 


Lowham 1988 : 





Problem: Determining 


Design Flow 
¢ Data provided for Greybull River, 
Wyoming 
— USGS flood frequency analysis 
— Watershed measurements 
— Channel measurements 


e Interpret flow analyses and apply 
models to: 


— Estimate high design flow by three methods 
— Compare design flow estimates 
e Discussion 









& 


oi 
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Stream Hydraulics 






Behavior of the flow within the 
channel 















Ten Basic Tenets of Stream 


Hydraulics 
e Basic laws of physics do apply to streams 
e Uniform flow is generally bad, non-uniform good 


e Smooth, straight channel is bad; roughened, 
meandering channel good 


° saa channel for conveying water is not ideal for 
Ss 


e Sub-critical flow is generally preferred, but super- 
critical is also needed 


e Both scour and deposition needed for good 
habitat 


e If drag forces exceed resisting forces, something 
will move 


e Flow in natural channels is often too complex to 
analyze accurately 


e Observation is often more valuable than detailed 
analysis 


Hydraulic uncertain 










is always a SHM concerm 


Two Laws of Physics 


e Law of conservation of 
mass 


e Law of conservation o 


energy > 





15 





Law of Conservation of 


Mass 

e“Mass not created .......< 
or destroyed” og 

° Basis for Continuity | 
equation ey 

Q,, — Qour =AStorage Pe 

¢ Applications to oe 

SHM oe 






















Law of Conservation of | 
Energy 


e “In hydraulic system, energy 
not lost, but can be converted 
to other forms” 


° Three forms of stream energy 
—Kinetic, energy of motion (V2/2g, ft) 
—Pressure, energy of depth (y, ft) 

—Elevational, potential energy (Z, ft) 


Stream Energy 


ee SE Aaa antes =e 


' 

3 tong 5 : 
EEO ECE SA 

Pej 


V2/2g+y,+Z,=V,7/2g+y24Z,+H, 
Bernoulli’s Equation 
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Specific Energy (E,) 
Diagram 
FroudeNumber 

F=V/(gy)12 OE eee Dee 


Ratio of kinetic to 
depth energy 


F<1, sub-critical 
(deep and slow) 
F>1, super-critical 
(shallow and fast) 
F=1, critical flow 
(transitional) 










Energy Law Applications 


e Explains flow condition across 
structures 


Sub-critical provides most habitat 
Super-critical 

- Scour 

- Sediment transport 


- Long-term habitat creation and 
maintenance 


Hydraulic controls 

- Stage-discharge relations 
- Pool-riffle transition 
Basis for Manning Equation 





















Manning’s Equation 
(and the “ideal” channel) 





V=(1.49/n)R23S12 
Or 
Q=(1.49/n)AR22S12 
Where: 

V= velocity (ft/sec) 

A= cross-sectional area (ft?) 
R= hydraulic radius (ft) 

S= water surface slope (ft/ft) 
Q= streamflow (ft?/sec) 


n= Manning’s roughness 
coefficient 


1% 












Manning’s Equation 
(and the “ideal” channels 


Assumes “uniform” flow 
with S, D, W, and V 
constant 

“Ideal” channel for 
conveyance maximizes R- 
R maximized with “half- 
circle” cross section 

Q maximized with 
minimum “n” 

Resulted in smooth, 
straight, trapezoidal 
channels 

Channelization has led to 
need for SHM 










































- hysetate ye searcimeane carts : 












Newbury 1994 


Manning’s “n” 
(Q~1/n) © 


Tab 7.2 Manning roughness coiiets nein bound 
Sisiece: Vee te Liane 1888. - FISRWG 1998 








Channelization 


Uniform flow 
High conveyance 
Low “n” 


Straight 
Smooth 
SHM 
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Why do stream sediments 
move? 


Why Do Stream 
Sediments Move? 
Applied force : : 


greater than : 
resisting force —— |~ 


Concept of shear stress 












e Applied force on channel 
boundary function of flow, 
slope and shape 
° T.=VwRS 
ners: ; i +N: 
» T, = shear stress (Ibs/ft?) Ap wi © 


» Vw = 62.4 Ibsft? ~~ 2 phr 
» R=hydraulic radius (ft) 
» S = slope (fi/ft) 





Concept of shear stress 


e Resisting force function of 
particle size and weight 
fe é ‘e “Y 
THK yeVw)d = lho 
e Where: 
— T=critical shear stress 
—k=Shield’s parameter; 0.03 for cobble bed streams 
~ y= Specific weight of sediment (165Ibs/ft?) 
~y,, = Specific weight of water (62.4 Ibs/ft*) 
— d= particle diameter (ft) 


Concept of shear stress 


° If T,<T,, particle stays in 
place 
elf T,>T,, particle moves 


e When T,=T,, threshold of 
motion 


Concept of shear stress 


e Some empirical relations 
—Shield’s diagram 
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Concept of shear stress 


e Some empirical relations 
—Shield’s diagram keto es 
—Lane’s Relation | * 

+ T.=0.164d_, 
—Highway Research Board Relation 


° T= 4d (deo in ft) 
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Will The Boulder Move? 


e Given D,,=3.0 ft, S=0.04, will a 
2.0 ft diameter boulder move? 


e Solve using Shield’s, Lane’s 
and HRB’s equations 


e Different answers? What do 
you do? 


Template for SHM 


Using Channel 
Classification as a Guide 


¢ Schumm’s 
system 
—Stability 
inference 
—Little SHM 
design insight 


From FISRWG 1998 
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Rosgen’s Classification 









FISRWG 1998 


Rosgen’s Classification 


e Level I 
—Broad level stream types 
—Slope, planform and sinuosity 
—Few SHM implications by itself 
—Examples 
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Rosgen’s Classification 





e Level il, 
morphologic 
description 
— Stratifies major 

types into sub- 
types 
— Substrate, VW/D, 
and entrenchment 
— Guidance for SHM 
by sub-type 


FISRWG 1998 
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SRI/CSE 


e Pfankuch 1975 


— (Handout) 


°e Ocular, rapid 
assessment 


e Numerical rating 
° Forest streams 


e Adapt to 
conditions 
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SRI/CSE 


e Upper banks 
— Bank slope 


— Mass wasting 
potential : 


— Debris jam potential 8 es 
— Vegetative bank e Channel bottom 
protection — Rock angularity 

Lower banks — Brightness 
— Channel capacity — Particle packing 
— Bank rock content — Stable materials 
— Obstructions/deflector — Scour and 
s/traps deposition 
— Aquatic vegetation 


SRI/CSE Scoresheet 


e “Good” = 38-76 
e “Fair” = 77-114 
e “Poor” = 115+ 


¢ Condition class 
may vary by 
channel type 
(Rosgen 1996) 
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Applying SRI/CSE 


e Review slides of Sante Fe 
River below Sante Fe 


° Using field forms, rate the 15 
parameters 


e Tally scores and determine 
condition class 


¢ Discussion 


sipeepin bei 
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a 


pene 


Comparing test and reference 
streams 
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Assessing Condition 
Quick Review 

e Macrohabitat characteristics 

e Mesohabitat characteristics 

¢ Microhabitat characteristics 

e HSI 

e Channel classification 

e SRI/CRE 














Assessing Condition 


e identify habitat deficiencies 
¢ Quantify habitat deficiencies 


Se] e Develop boundaries and criteria 
— for SHM 


e Don’t try to make stream 
something it can not be! 


e Good old fashion observation 


Assessing Conditio 


e Good old-fashioned observation 
— Where do fish hang out? 
— What structure forms feeding lanes? 
— What size of substrate is stable? 
— Are boulders naturally clustered? 
— Are scour pools present below boulders? How deep? 
— Are pools and riffles well-defined and stable? 
— How deeply is large wood anchored? 
— What size wood comprise stable debris jams? 
— How deeply undercut are streambanks? 
— What shape are most bed particles? Round? Angular? 
— How high in relation to bankfull channel are point bars? 
— Are point bars vegetated? 
— Are mid-channel bars present? Common? 

e Discussion 
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Day 4 Afternoon 


e Role of SHM in aquatic habitat 
restoration: Is there one? 


° Planning and implementing SHM 
projects 
e Workshop: “Art and Science of 
SHM” 
— Review of governing physical principies 
and properties 
—Tools of the trade; Design criteria and 
uses for common structural treatments 


Tools 


of the Trade 


eB 


Design criteria and uses for 
common SHM treatments 


Overpour Structures 


Weirs, check dams, plunges, 
berms and sills 








Overpour Structures 


e Purposes 
— Create downstream scour pool 


— Promote upstream water and sediment 
storage 


— Improve passage conditions at culverts 

— Encourage downstream gravel bar formation 
— Facilitate aeration 

— Reduce excess water velocities 

— Collect and hold gravels upstream 

— Stabilize down-cut channels 

— Control flow into secondary channels 


Overpour Structures 


e Design 
—Commonly built of logs, ties, rock or wire 


— Configuration straight, upstream U or V, 
downstream U or V, W pattern 
transverse 


—Wood structures often have low flow 
notch 

—Typically less than 75% bankfull height 
(don’t create a passage barrier!) 


Overpour Structures 


VS5 Toe RESTORATION OF RIVERS ANT STREAMS 


e Design 


log 
overpour 


Figass 2.8 Singin ine dav. Wesche 1985 
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Overpour Structures 


e Design 
—K-dam 


Untied tr 104? 


‘Wesche 1985 


Overpour Structures 


Fiywre £4 Boulder das 
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From Orth and White, 1999 
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Overpour Siting 


Low dams (<1/3 bankfull height) 
excellent/good in channel types 
B2,3,4,5,6 (Rosgen 1996) 

Medium dams (1/3 - * bankfull height) 
G a8) Gee in B2,3, and 4 (Rosgen 


Pool-deficient straight or sinuous 
reaches on small stream (W=1-9m) 
Generally space no closer than 5-7 
channel widths apart (no drown out!) 


Stable bed and banks preferred, with 
bank anchoring a necessity 


Hydraulic Considerations 


MMRSTALEED $M RMATURAL CHANNEL * 


eral 50's 1% 
| 
@ WEIR FLOW EQUATION bs 
Q= CL tu) ; 2222 Fs 
fis COEFF O> 2S ‘j 
ae PS EIB 


Ale SHALL: SUS 
SUREACE FLOW 


@ySOeve FOR HEAD Hons CA n= ces! 
Each WEIR : 3 a 
Ea pe 
jLs2o, al aap 
Hs 27 ft, ms 
He [fece fos} 28 


Hs 21 ft<——— 


Fiow 


Hydraulic Considerations 


e Low flow notch 





Hydraulic 
Considerations 


Scour d, = £AHG 7.7.23.) 


below eet Yad a 
Log Weir -7 


Q w 

Sd 

AH = 7, = tailwater depth from original bed 
d, = d,, of substrate 

g=gravitational acceleration 


= Scour Depth 












in Class Problem #14 





Evaluating Overpour 
Hydraulics 


° A log overpour structure is being 
planned for a small stream 

e Based upon the proposed design, the 
design flows and the channel 
morphology data provided, apply the 
weir flow equation to determine: 
— The proper size of the notch 


Gans stage of the upstream pool at high design 
ow 

Should out-of-channel flooding be 
predicted at high flow, what esign 
modifications could be made to 
prevent it? 
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Deflectors and Constrictors 


Deflectors and Constrictors 


e Purposes 


—Single wing and alternating deflectors 
* Create sinuous flow path 
¢ Direct current to key habitats 
¢ Deepen and narrow channel 
¢ Protect banks from erosion 
¢ Enhance pool-riffle ratio 
* Consolidate low flows 
¢ Encourage riparian vegetation 
* Clean spawning and rearing substrates 


Deflectors and Constrictors 


e Purposes 
—Opposing or double-deflectors 
* Create mid-channel scour pool 
* Encourage downstream bar formation 
¢ Enhance habitat diversity 
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Deflectors and Constrictors 


° Design 
— Commonly wood, rock, or wood and rock 
— Typically triangular in shape with upstream face 
angling downstream, and downstream face 
perpendicular to flow or angling upstream 


— “Barbs” on outside of eroding meanders directed 
slightly upstream 

— Single wings extend up to 50% of channel width 

— Opposing wings reduce channel width 40-80% 

— Typically less than 75% bankfull height 

— Must be well anchored into bank 


Deflector 
Design 


Biee L$ Carma eBeveess 
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Deflector Siting 


Generally excellent/good in channel types B2,3,4,5 
and 6, C2 and 3, and F3 (Rosgen 1996) 


Typical placement in wide, shallow, straight streams 
Excellent for channelized reaches 

Alternating wings typically spaced 5-7 channel 
widths apart 

Bank opposite deflector must be stable or be 
stabilized 

Avoid using opposing deflectors in channels carrying 
high debris loads 

Use not limited to only small streams 
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Hydraulic 
Considerations 


e Continuity equation can be used 
to estimate W, D, A, V changes 

e WinXSPRO can model hydraulics 
and sediment transport 


e Susceptible to scour at apex of 
triangle 

e “Barbs” susceptible to scour at 
upstream notch 







Substrate Modification 


For rearing and spawning 


Boulder Placements 


e Purposes 
—Provide rearing habitat 
—Provide cover 


—Create pocket water 
—Gravel trapping 
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Boulder 
Piacement 


Design 


pically 0.6-1.5 m 
diameter rocks 


Angular rock preferred 
to round 


Harder the rock the 
better 


Embed in substrate 


Clusters of 2 or more 
give greater diversity 


Piace longest axis 
parallel to flow 
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Boulder Placement 
Siting 
Excellent/good for channel types B3, B4, and 
C3 (Rosgen 1996) 


Place single rocks or clusters in thalweg of low 
flow channel 


Avoid depositional areas 

Avoid unstable substrates 

Rocks placed no closer than 2 boulder widths 
from bank 

Excellent for channelized or “tie—driven” 
streams 


Hydraulic Considerations 


e Evaiuate threshold of motion 
with shear stress relations 

e Observation of stable boulders 
in reference reach helpful 


¢ Could evaluate scour potential 
using weir scour equation 


Hydraulic 
Considerations 


Scour d, = £(K67 7.28.9) 
below 3 $ es § °F A OPPs 


¥ Gada 
Log Weir P 
B= OY, 
AH = 7, = tailwater depth from original bed 
d, = d,, of substrate 
g=gravitational acceleration 


= Scour Depth 














Spawning Substrate 


Development 
e Overpour structures 
°e Deflectors 
¢e Boulder clusters 


e Re-introduction of flow into 
abandoned channels 


¢ Log sill gravel trapsim 
e Gravel placement 


Log Sill Gravel Traps 


e Single log structure 
similar to overpour, 
but lower profile 

¢ Typically straight or 
downstream : 
shape 


e Often placed in pairs 


°¢ Excellient/good in 
channel types B1,2,3 
and C1,2 and 3 


Gravel Placement ; 


Size specific to target species 
Piles can be placed every 5-7 channel widths 
and distributed by flow (Stuart 1953) 

Small placements of >2ft? can be effective in 
channel types B3, C2, C3 (Rosgen 1996) 
Artificial spawning channels could be effective 
in tailwaters 

Evaluate threshold of motion with shear stress 
relations or bedload transport models 
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in Class Problem #15 





Using WinXSPRO to Evaluate 
Spawning Gravel Pilacememt 


Gravel placement is being considered for 
cutthroat trout spawning 

Based upon hydraulics, design flow and gravel 
suitability, use WinXSPRO to evaluate 
stability as described in problem 

If unstable, analyze further to determine a 
suitable substrate size that still meets species 
needs 


Discussion 





Additional Treatments 
for Habitat Structure 

and Complexity 

e Tree retards or revetments 

e Tree covers 

e Rootwads 

e Half-logs 

e Others 
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Tree Retards or 
Revetments 


e Provides habitat and stabilization: good 
“silt catchers” .., 


Often used along Wside of eroding 
meander bends 


Conifers best, junipers preferred 
Use largest trees that can be handied 


Overiap at least 50% with crowns 
angled downstream 


Anchor with buried deadman and cable 
Can be used with willow plantings 
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Tree Covers 


e Provide cover and accumulate 
debris 

e Often attached to overpour 
structures to enhance pool 
quality 
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Rootwads 


Provides cover and 
accumulates debris 


Tree bole anchored well 
into bank with roots 
extending into low flow 
channel to scour hole 


Can be set on footer log 
and backfilled with 
boulders 


Can be used in series 
much like tree retard on 
eroding meanders 


Half-logs 


Provide in-channel 
overhead cover 


Site near major flow 
concentration, not in 
depositional areas 


Generally 
excellent/good in B 
and C channel types 
(Rosgen 1996) 
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Additional Sources 


Hunt, R.L. 1993. Trout stream therapy. University of 
Wisconsin Press, Madison. 74p. 


Hunter, C.J. 1991. Better trout habitat: A guide to 
stream restoration and management . Island Press, 
Washington, D.C. 320p. 


Rosgen, D. 1996. Applied river morphology. Wildland 
Hydrology, Pagosa Springs, Co 


Wesche, T.A. 1985. Modifications and structures to 
enhance fish habitat. Chapter 5, in , J.A. Gore (ed) The 
restoration of rivers and streams, theories and 
experience. Butterworth Publishers, Boston. 280p. 













Consideration of 
Uncertainty in SHM 
e Why be concerned? 


—Compare risk of different 
treatments at a site 


—Compare different sets of 
treatments for a reach 


—Compare risks between 
reaches 


From Johnson and Brown, 2001 (Handout) 
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Sources of Uncertainty 


e Model uncertainty 

e Parameter uncertainty 
e Randomness 

e Human error 


Evaluating Failure 


e Failure mode 

° Effects of other treatments 
e Effects on the whole system 
e Detection methods 

e Compensating provision 





Assigning Risk Priority 
Numbers 









e Criteria for consequences 
e Occurrence likelihood 

¢e Detection of failure 

e Developing risk priority 
numbers 


Zt 


Criteria for 


Consequences 

¢ Loss of life 
¢ Economic impacts 
e Aquatic habitat impact 
° Public scrutiny 
° Ratings 

°e Low= 1 

¢ Marginal = 4 

* High = 7 

° Critical = 10 


Occurrence Likelihood 


Impossible =2 

Remotely possible = 4 
Possible = 6 

Probable = 8 

Reasonably probable = 10 


Detection of Failure 


¢ Very simple, visual =1 

¢ Simple, analysis of photos, 
bank pins, etc... = 4 

¢ Somewhat complex (e.g. cross 
section surveys) = 7 


¢ Quite complex (e.g. pressure 
transducers) = 10 
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Developing Risk Priority 
Numbers 


e Multiply the three ratings for 
each treatment 


e Sum treatment scores to 
obtain project total 








e Discussion 


in Class Problem #16 


Santa Fe River SHM 


Problem 
e Review slides of Santa Fe River 
below Santa Fe, NM 
e Work in pairs 
— Develop list of possible SHM 
treatments 


— Using cutthroat HSI model assess 
which variables will be affected by 
recommended treatments, and to what 
degree 

— Develop list of additional measures 


e Class discussion 
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2 and Practices S a 


Why Is Stream Corridor Restoration 
Important? 


The United States has more than 3.5 cies 
miles of rivers and streams that, along with © 
closely associated floodplain and upland areas, 
comprise corridors of great economic, social, 
cultural, and environmental value. These corri- 
dors are complex ecosystems that include the 
land, plants, animals, and network of streams 
within them. They perform a number of eco- 
logical functions such as modulating stream- 
flow, storing water, removing harmful materials 
from water, and providing habitat for aquatic 
and terrestrial plants and animals. Stream corri- 
dors also have vegetation and soil characteris- 
tics distinctly different from surrounding 
uplands and support higher levels of species 








diversity, species densities, aud rates Sof biologi- oe 


cal productivity than most other landscape 


~ elements. 


Streams and stream corridors evolve | in concert 
with and in response to surrounding ecosystems. 
Changes within a surrounding ecosystem (e.g., 
watershed) will impact the physical, chemical, 
and biological processes. occurring within a 
stream corridor. Stream systems normally func- 
tion within natural ranges of flow, sediment 3 
movement, temperature, and other variables, in 
what is termed “dynamic equilibrium.” When 
changes in these variables go beyond their nat- 
ural ranges, dynamic equilibrium may be lost, 
often resulting in adjustments in the ecosystem 
that might conflict with societal needs. In some 
circumstances, a new dynamic equilibrium may 


Fig. |.1: Stream corridor in the - 
- Midwest. Stream corridors have 
~ great economic, social, cultural, oe 
and environmental values. 











eventually develop, but the time frames 
in which this happens can be lengthy, 
and the changes necessary to achieve this 
new balance significant. 


Over the years, human activities have 
contributed to changes in the dynamic 
equilibrium of stream systems across 
the nation. These activities center on 
manipulating stream corridor systems 
for a wide variety of purposes, includ- 
ing domestic and industrial water sup- 
plies, irrigation, transportation, 
hydropower, waste disposal, mining, 
flood control, timber management, 
recreation, aesthetics, and more re- 
cently, fish and wildlife habitat. In- 
creases in human population and 
industrial, commercial, and residential 
development place heavy demands on 
this country’s stream corridors. 


The cumulative effects of these activities 
result in significant changes, not only to 
stream corridors, but also to the ecosys- 
tems of which they are a part. These 
changes include degradation of water 
quality, decreased water storage and 





Fig. 1.2: Concrete-lined channel. Stream systems 
across the nation have been altered for a wide 
variety of purposes. 








conveyance capacity, loss of habitat for 
fish and wildlife, and decreased recre- 
ational and aesthetic values (National 
Research Council 1992). According to 
the 1994 National Water Quality Inven- 
tory of 617,806 miles of rivers and 
streams, only 56 percent fully sup- 
ported multiple uses, including drink- 
ing water supply, fish and wildlife 
habitat, recreation, and agriculture, as 
well as flood prevention and erosion 
control. Sedimentation and excess nu- 
trients were the most significant causes 
of degradation (USEPA 1997) in the re- 
maining 44 percent. 


Given these statistics, the potential for 
restoring the conditions in our na- 
tion’s rivers and streams and protect- 
ing them from further damage is 
almost boundless. 


What Is Meant by Restoration? 


Restoration is a complex endeavor that 
begins by recognizing natural or 
human-induced disturbances that are 
damaging the structure and functions of 
the ecosystem or preventing its recovery 
to a sustainable condition (Pacific 
Rivers Council 1996). It requires an un- 
derstanding of the structure and func- 
tions of stream corridor ecosystems and 
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the physical, chemical, and biological 
processes that shape them (Dunster and 
Dunster 1996). 


Restoration, as defined in this docu- 
ment, includes a broad range of actions 
and measures designed to enable 
stream corridors to recover dynamic 
equilibrium and function at a self- 
sustaining level. The first and most 
critical step in implementing restora- 
tion is to, where possible, halt distur- 
bance activities causing degradation or 
preventing recovery of the ecosystem 
(Kauffman et al. 1993). Restoration ac- 
tions may range from passive ap- 
proaches that involve removal or 
attenuation of chronic disturbance ac- 
tivities to active restoration that in- 
volves intervention and installation of 
measures to repair damages to the 
structure of stream corridors. 


What Is Meant by Restoration? 


Restoration practitioners involved with 
stream corridors take one of three basic 
approaches to restoration: 


m Nonintervention and undisturbed recov- 
ery: where the stream corridor is 
recovering rapidly, and active restora- 
tion is unnecessary and even detri- 
mental. 


Partial intervention for assisted recovery: 
where a stream corridor is attempting 
to recover, but is doing so slowly or 
uncertainly. In such a case, action 
may facilitate natural processes 
already occurring. 


m Substantial intervention for managed 
recovery: where recovery of desired 
functions is beyond the repair capaci- 
ty of the ecosystem and active 
restoration measures are needed. 


The specific goals of any particular 
restoration should be defined within 
the context of the current conditions 
and disturbances in the watershed, 

















orati oe C ce the preferred 


corridor, and stream. In all likelihood, 
restoration will not involve returning a 
system to its pristine or original condi- 
tion. The goal should be to establish 
self-sustaining stream functions. 


Because this document may be a pri- 
mary reference on ecological restoration 
for many users, it is appropriate that 
more than one definition of restoration 
be included. The following definition of 
restoration has been adopted by the So- 
ciety for Ecological Restoration (SER). 
“Ecological restoration is the process of 
assisting the recovery and management 
of ecological integrity. Ecological in- 





tegrity includes a critical range of vari- 
ability in biodiversity, ecological 
processes, and structures, regional and 
historical context, and sustainable cul- 
tural practices.” 


Why Is a Stream Corridor 
Restoration Document Needed? 


Interest in restoring stream corridor 
ecosystems is expanding nationally and 
internationally. Research is under way 
and guidelines are being developed for 
stream corridor restoration in both the 
public and private sectors. The number 
of case studies, published papers, tech- 
nology exchanges, research projects, 
and symposia on both the technical 
and process aspects of stream corridor 
restoration is increasing. 


Over the years, many federal agencies 
have contributed to this growing body of 
knowledge and have issued manuals and 
handbooks pertaining in some way to 
stream restoration. Much of this older 
literature, however, is significantly differ- 
ent from this document in terms of phi- 
losophy and technique. Narrowin 
scope and focusing on only specific as- 
pects, regions, objectives, or treatments, 
it may be outdated and not reflective of 
new restoration techniques and philoso- 
phies. The result has been confusion 
and concern among both government 
agencies and the public on how to evalu- 
ate the need for development and imple- 
mentation of restoration initiatives. 


In response, this document represents 
an unprecedented cooperative effort by 
the participating federal agencies to 
produce a common technical reference 
on stream corridor restoration. 


Recognizing that no two stream corri- 
dors and no two restoration initiatives 
are identical, this technical document 
broadly addresses the elements of 
restoration that apply in the majority of 
situations encountered. The document 


Introduction 

















2 fa the reconstruction ‘of feie 
"istic rather than natural assem-_ : 
blages of plants and animals 

with their physical environ- 

ments: 2-920 25. 


— Berger 1990 


is not a set of guidelines that cover every 
possible restoration situation, but it does 
provide a framework in which to plan 
restoration actions and alternatives. 


What Does the Document Cover? 


This document takes a more encom- 
passing approach to restoration than 
most other texts and manuals. It pro- 
vides broadly applicable guidance for 
common elements of the restoration 
process, but also provides alternatives, 
and references to alternatives, which 
may be appropriate for site-specific 
restoration activities. Moreover, the doc- 
ument incorporates and reflects the ex- 
periences of the collaborating agencies 
and provides a common technical refer- 
ence that can be used to restore systems 


What Does the Document Cover? 





based on experiences and basic scien- 
tific knowledge. 


As a general goal, this document pro- 
motes the use of ecological processes 
(physical, chemical, and biological) and 
minimally intrusive solutions to restore 
self-sustaining stream corridor func- 


(b) 


Fig. I.3: Stream corridor restoration can be 


applied in both (a) urban and (b) rural settings. 


No matter the setting, vegetation and soil 
characteristics in the corridor differ distinctly 
from the surrounding uplands. 


























tions. It provides information necessary 
to develop and select appropriate alter- 
natives and solutions, and to make in- 
formed management decisions 
regarding valuable stream corridors and 
their watersheds. In addition, the docu- 
ment recognizes the complexity of most 
stream restoration work and promotes 
an integrated approach to restoration. It 
supports close cooperation among all 
participants in order to achieve a com- 
mon set of objectives. 


The guidance contained in this docu- 

ment is applicable nationwide in both 
urban and rural settings. The material 
presented applies to a range of stream 


types, including intermittent and peren- . 


nial streams of all sizes, and rivers too 
small to be navigable by barges. It offers 
a scientific perspective on restoration 
work ranging from simple to complex, 
with the level of detail increasing as the 
scale moves from the landscape to the 
stream reach. 








Fig. 1.4: A stream corridor. The document pro- 
vides an overview of stream corridor structure 
and functions. 
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Note that there are several things that 
this document is not intended to be. 


« It is not a cookbook containing pre- 
scribed “recipes” or step-by-step &) 
instructions on how to restore a 
stream corridor. 





ms While this document refers to issues 
such as nonpoint source pollution 
and best management practices, wet- 
lands restoration and delineation, 
lake and reservoir restoration, and 
water quality monitoring, it is not 
meant to focus on these subjects. 


= It is nota policy-setting document. 
No contributing federal agency is 
strictly bound by its contents. Rather, 
it suggests and promotes a set of 
approaches, methods, and techniques 
applicable to most stream corridor 
restoration initiatives encountered by 
agencies and practitioners. 


= It is not intended to be an exhaustive 
research document on the subject of 
stream corridor restoration. It does ae 
provide, however, many references 
for those desiring a deeper under- 
standing of the principles and theo- 
ries underlying techniques and issues 
discussed in general terms. 


Who Is the Intended Audience? 


The document is intended primarily for 
interdisciplinary technical and manage- 
rial teams and individuals responsible 
for planning, designing, and imple- 
menting stream corridor restoration ini- 
tiatives. The document may also be 
useful to others who are working in 
stream corridors, including contractors, 
landowners, volunteers, agency staff, 
and other practitioners. 


How Is the Document Organized? 


The document is organized to provide 

an overview of stream corridors, steps in 
restoration plan development, and e 
guidelines for implementing restoration. 


Introduction 


The document has been divided into 
three principal parts. Part I provides 
background on the fundamental con- 
cepts of stream corridor structure, 
processes, functions, and the effects of 
disturbance. Part II focuses on a gen- 
eral restoration plan development 
process comprised of several fundamen- 
tal steps. Part III examines the informa- 
tion presented in Parts I and II to 
consider how it can be applied in a 
restoration initiative. 


Because of the size and complexity of 
the document, two features are used to 
assist the reader to maintain a clear ori- 
entation within the document. These 
features will allow the reader to more 
easily apply the information to specific 
aspects of a stream corridor restoration 
initiative. These features are: 


= Chapter dividers that include major 
chapter sections and reader preview 
and review. questions for each chap- 
ter. Table I.1 presents a summary of 
these questions by chapter. 


mu Short chapter summaries included at 
the beginning and end of each chap- 
ter that explain where the readers have 
been, where they are in the document, 
and where they are going. 


A special emphasis has been placed on 
document orientation due to the special 
mission that the document has to ful- 
fill. The document audience will in- 
clude readers from many different 
technical backgrounds and with various 
levels of training. The orientation fea- 
tures have been included to reinforce 
the comprehensive and interdiscipli- 
nary perspective of stream corridor 
restoration. 


How Is the Document Intended to 
Be Used? 


Use of the document mostly depends 
on the goals of the reader. To begin 
with, a quick overview of the material is 
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suggested prior to more thorough read- 

ing. A reader seeking only a general un- 

derstanding of the principles of stream 

restoration may skip over some of the 

technical details in the body of the doc- 

ument. Use of document sections, 

chapters, and headings allows each 

reader to readily identify whether fur- | & 
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ther, more detailed reading on a subject 
will serve his or her purposes. 


The reader is urged to recognize the in- 
terdisciplinary and technical nature of 
stream restoration. While some techni- 
cal material may, on the surface, appear 
irrelevant, it may in fact be highly rele- 
vant to a specific part of the process of 
restoring a stream corridor. 


Stream corridor restoration technologies 
and methodologies are evolving rapidly. 
Readers are encouraged to add their own 








notes on restoration and to make the 
document more relevant to local needs 
(e.g., a list of suitable native plant 
species for streambank revegetation). 


This document is being published in a 
notebook form to allow insertion of: 


e Updated material that will be made 
available at the Internet sites printed 
in the Preface. 


e Addition of regional or locally rele- 
vant materials collected by the reader. 
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“categories from Hokanson (1977) 


Peateaeries from Balon (1975) 


“Common names from Robbins et al. (1980) 


Sample species classification using guilding criteria. 





Species: Smallmouth Bass - System: Rock Creek 
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Sample species periodicity chart for smallmouth bass. 
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HABITAT USE INFORMATION 
General 

Cutthroat trout, Salmo ‘clarki, are a polytypic species consisting of 
several geographically distinct forms with:a broad distribution and a great 
amount of genetic diversity (Hickman 1978: Behnke 1979). Behnke (1979) 
recognized 13 extant subspecies: Coastal cutthroat (S., cmolekheanecoastal 
streams from Prince William Sound, Alaska to the fel River in California; 
mountain cutthroat (S$. c. alpestris) in upper Columbia and .Freser River 
drainages of British Columbia; west slope cutthroat ($7 4 lewis kine ohe 
upper Columbia, Salmon, Clearwater, South Saskatchewan and upper Missour? 
Grainages of Montana and Idaho; an undescribed subspecies in the Alvord basin, 
Oregon; Lahonton cutthroat (S. c. chenshawi), Pauite cutthroat jh Saagee 
seleniris), and an undescribed subspecies in the Humboldt River Grajnage of 
the Lahontan basin of Nevada and California: Yellowstone cutthroat (Sores 
bouvieri) in the Yellowstone drainage of Wyoming and Montana and the Snake 
River drainage of Wyoming, Idaho, and Nevada; an undescribed subspecies (Tine 
spotted) in the upper Snake River, Wyoming; Bonneville cutthroat (S Seoeeut ahd 
in the Bonneville basin in Utah, Nevada, Idaho, and Wyoming; Colorado River 
cutthroat (S. c pleuriticus) in the Colorado River drainage in Wyoming, Utah, 
New Mexico, and Colorado; greenback cutthroat (Ss; sc stomias) “in. hes South 
Platte: and Arkansas River systems; and Rio Grande cutthroat (SC ae wirgiirakis | 
in the Rio Grande River drainage of Colorado and New Mexico. Many of these 13 
subspecies are included on Federal or State endangered or threatened species 
sts. ; 

Temperature and chemical preferences,: migration, and other ecological and 
life history attributes vary among cutthroat subspecies (Bennke*1979). Differ- 
ences in growth rate (Carlander 1969: Scott and Crossman 1973; Behnke 1979) 
and food preferences have also been reported (Trojnar and Behnke 1974) between 
some subspecies . 


Age, Growth, and Food 


Most male cutthroat trout mature at ages I] to III, whereas females 
usually mature a year later (Irving .1954; Drummond and McKinney 1965; Johnston 
and. Mercer 1977). In Washington streams that contain anadromous populations 
or cutthroat, which predominantly smolt at age- ally “lessathanmciSeecop the 
cutthroat returning to the river for-the first time are sexually mature females. 
(Mercer and Johnston 1978). The maximum life expectancy for coastal cutthroat 
is about 10 years: (Johnston and Mercer 1976), whereas the maximum reported age 
Tor interior cutthroat is 7 years (Behnke 1979). Size at maturity will vary 
depending on environmental conditions. Cutthroat Mature at a smaller size in 
small headwater streams (Behnke and Zarn BOY Ose 


Trout are opportunistic feeders (Behnke and Zarn 1976), but their diet 
consists mainly of aquatic insects (Allen 1969; Carlander 1969; Baxter and 
Simon 1970; Scott and Crossman 1973; Griffith 1974). Other foods, such as 
zooplankton (McAfee 1966; Carlander 1969; Trojnar: and Behnke 1974), t 
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insects (Carjtander 1969; Trojnar and Betinke 1974; Hickman 1977), anc. fish 
(Carlander 1969) are locally or seasonally important. Cutthroat trout usually 
become more piscivorous as they increase in size (McAfee 1966; Cariandér 1969; 
Baxter and Simon 1970) 
Reproduction 

Cutthroat trout are stream spawners. lhe fertilized ove are deposited in 
redds constructed primarily by the female in the stream gravels (Smith 1941, 
1947). Spawning begins in spring, as early as February (Behnke 1979), but can 
occur as late as August in colder areas (Juday 1907; Fleener i951). The. time 
of spawning depends on water temperature, runoff-(Lea 1968), ice melt (Calhoun 
1944), elevation and latitude (Behnke and Zarn 1976) 


Anadromy 


Coasta] cutthroat are the most abundant of the thirteen recognized 
cutthroat subspecies and.consist of both resident and anadromous populations. 
Both populations.are usually found in the same watershed. {ne resident popula- 
tions are frecuently, but not always, segregated from the anadromous stock by 
some barrier to anadromy. Although resident and anadromous copulations have 
been reported to occur in sympatry in streams and lakes, more inicrmation is 
needed to determine if gene flow between populations is 2>s=2ni (Johnstar 
et Ac oy 


trout or saimon. Alzthough some cutthroat overwinte 
to freshwater after 3 to 8 months (Johnston 1979) Hunac esas. period: in 
Saltwater, the cutthroat stay close to shore and are rarely Tound at depths 
greater than 3: Preferred habitats in saltwater are crave: beeches vegetated 
above the high tide mark and gravel spits created by tidai currents. Cutthroat 
are rarely found in saltwater in areas with silt, mud, or ssiic mock substrate 
AnadYomous cutthroat utilize cover during upstream migraticn trom saltwater 

LOoasteicutunmoete initia tivesmolt- er egeeakl It uo 3 Some smolt-at 
age I, whereas others may not migrate to salt water unti: 222 VI (Jones 1974 
1975, 1976}. In Washington, the smallest cutthroat enzering s2it water weigh 
frome 25. t0 45 gms \and.are, 120 to. 1/0 mm long... Physioclogicsi acapiation, to 
Salt water appears to be related to size rather than age fJonnsion and Mercer 
1976) 

In Washington and Oregon, smolt movement to salt water Secins in Marcn, 


Bate ’ 
peaks at the end of May, Dut may continue into August. Mos z s¢éwerd migrations 
occur at night. Re-entry into Tresh water in Washington anc Frecon begins in 
July, peaks: in September ‘and October, -andljasts. until: the senc of, October 
(Giger 1972; Johnston and Mercer 1976).. In smaller coastei. szreems, re-entry 
begins in October, peaks in December and January, and conzinuss into March. 
Migrations into small stream-lake systems in Alaska begin as ¢2eriy as mid-May, 
peak in September, and last until October (Armstrong 19713, Jones 1974, 1975, 
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There is a-definite relationship between the annual flow regime and the 
quality of trout habitat. The most critical period is typically the base flow 
(jowest flows of late summer to winter). base rlow = 50% of the average 
annual daily fiow is considered excellent, base flow of 25 to 50% is consid- 
erec.fair,.and.a. base, flow.ot, < 25a.is atvent red poor for maintaining quality 
trout habitat (adapted from Binns and Eiserman 1979: Wesche 1980). 

Of 66 streams sampled in British Columbia, those eld saat e cutthroat 
trout hed-& ph of 6.0 to 8.8 (Hartman and ae 1906 )e) Thirteen streams, in 
Wyoming Be et oh Sede hatte of Colorado River cutthroat trout had pH levels 
ofey win to: B03) CBinnss 1974) tuSekuticn, seng74 p\meported, thet the pe in three 
reservoirs containing cutthroat trout ranged from.7.8 to 8.5. labvss (1974) 
analyzed three streams in Idaho with cutthroat trout where the : ranged. from 
7.3 to 7.9 and total dissolved solids ranged from 41 to 63 mg/l. Some jisotated 
populations of cutthroat trout in the Great-Basin area have bere a_unjaue 
tolerance for high pH, alkalinity, total dissolved solids, and temperature 
‘conditions. The Lahontan basin-cutthroat trout persist in Poe aneiet and Walker 
lakes, Nevada, where total dissolved solids exceed 5,000 mg/l and 10,000 mg/l , 
respectively (Behnke and Zarn 1975). The largest cutthroat trout ever recorded 
came from Pyramid Lake, which has a pH range between 9.0 and 9.5. The Lahontvan 
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basin cutthroat also lives in alkaline waters, such as Walker Lake, Nevada 
(alkalinity of 2,900 mg/1). Thése conditions are probably lethal to other 
cutthroat, trouts (Behnke and Zarn 1976). Precise pH tolerance and optimal 
ranges for cutthroat trout are not well documented.- Most cutthroat populations 
can probably tolerate a pH range of 5 to 9.5, with an optimal range of 6.5 to 
8. The Lahontan basin cutthroat appear to have developed a tolerance to 
higher pH conditions, with regional pH tolerance and optimal ranges of 5 to 10 
and 6.5 t6. 8.5. respectively. 


Bachmann (1958) reported that, at turbidities above 35 ppm, cutthroat 
trout stopped feeding and moved to cover. Turbidities of less than 25 JTU and 
total dissolved solids from 38 to 544 mg/] characterized 13 Wyoming streams 
containing cutthroat trout (Binns 1977). 

Adult. Dissolved. oxygen requirements vary with species, age, prior 
acclimation temperature, water velocity, activity level, and concentration of 
substances in the water (McKee and Wolf 1963). As temperature increases, the 
dissolved oxygen saturation leve} in the water decreases while <he dissolved 
oxygen requirements for the fish increases. As a result, an increase in 
temperature resulting in a decrease in dissolved oxygen cen 22 detrimental to 
the fish. - Optimal oxygen levels for cutthroat trout are nct weil documented, 
‘but appear to be > 7 mg/] at temperatures < 15° C and = 9 mg/? e+ temperatures 
> 15° C. Doudoroff and Shumway (1970) demonstrated that swimming speed and 
growth rates Tor saimonids declined with. decreasing dissc'ved oxygen levels. 
At, temperatures = 15° .0, ycutthroat troutdgeneraliy’ avon d Mwaceriwishid sso lve 
oxygen levels of less than 5 mg/i (Trojnar 1972: Sekulich 1974) | 

Cutthroat, trout: usually ido not persist! in waters where mexinim cempera— 

ures consistently exceed 22° €, although they may be able ic withstand brief 
periods of water temperature as. high as 26° C if considerabie nicghtime cooling 
takes place (Behnke and Zarn 1976) The: Humboldt: Riverccucthroesotyout in the 
Lahontan basin, however, occupy waters where temperatures may reach a summer 
maximum of 25° C (Behnke 1979). Needham and Jones (1953) veso-ted cutthroat 
trout actively feeding at 0° C. Bell (1973) reported a preferred temperature 
range of 9 to 12°.C for cutthroat trout. Dwyer and Kramer (1°75) reported the 
greatest scope for activity in cutthroat trout occurred 2: i3° 2 when tested 
at 5° C increments. We assume that scope for activity is 4 better measure of 
Optimal temperature than temperature preference tests and neve selected 
12-15° C as an optimal temperature range for cutthroat trout 
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Focal point velocities for adult cutthroat trout on terrizocte 
in Idaho stredms were primarily between 10 and 14 cm/sec, with a maxin 
22 cm/sec (Griffith 1972). . 


Embryo. Incubation time varies inversely with temperszure. fogs usually 
hatcn within 28 to 40 days (Cope 1957), but may take as long as 45 days (Scott 
and Crossman 1973). Beli.(1973) reported that cutthroat trout scawning temper- 
atures ranged from 6 to 17° C. The optimal temperature for emz-yvo incubation 

nd 


is approximately 10° C (Snyder and Tanner 1960). Calhoun (1266) reported 
increased mortalities: of rainbow embryos at temperatur n 1 
velopment at temperatures < 12° C. Hooper (1973) 

ported spawning velocities r trom Sac tos. 92) cm/sec, le 
ported the range as il to 40 cm/sec. Average water column ve 

embryo development apparently range from 11 to 92 cm/sec. We assume tha 
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Minimum habitat area. Minimum habitat area is the minimum area. of contin- 
uous habitat that is required for a 


y) 

species to jive and reproduce. Since 
Cuetnroat can move considerable distances to spawn or locate suitable summer 
or winter rearing habitat, no attempt has been made to define a minimum habitat 
size Tor the species. ) ' 


Verification level. An acceptable level of perrormance for this cutthroat 
trout model is for it to produce an index between O and 1 that the authors and 
other biologists familiar with cutthroat trout ecology believe is positively 
correlated with the carrying capacity of the habitat. Model verification 
consistea of testing the model outputs from sample data sets developed Dy the 
authors to simulate high, medium, and low quality cutthroat trout habitat. 
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The model utilizes a modified limiting factor procedure. This procedure 
assumes that model variables and components with suitability indices in the 
average to good range, > 0.4 to < 1.0, can be compensated for by higher suit- 
ability indices of other related model variables and components. However, 
variables and components with ‘suitabilities < 0.4 cannot be compensated for, 
and thus become limiting factors on habitat suitability. 


TO ut Variable V,, also 
quantifies the amount of pooi habitat that is needed. Variable V,:, poo] 
class, is included because pools differ in the amount and quality of é@scape 
cover, winter cover, and resting areas that they provide. Average thatweg 
depth (V,) is included because average water depth affects the amount and 


quality oF pools and instream cover available to adu 
access tO spawning and rearing areas 


percentage of pools; and Vis, pool class are included in the juvenile component 
Tor the same reasons listed above for the adult component. Juvenile cutthroat 
trout use these essential stream features for escape cover, winter cover, ana 
FESTING areas. 


Fry component. Variable Vs, substrate size class, is inciuded because 
trout Try utilize substrate as escape cover and winter cover. Variable Voce 
] 


\eecla ee 
percent pools, is included because fry u 
pools and backwaters as resting and f i 


Y 


is included because the percent fines affects the abi litveorscneirry to uta ize 
the rubble substrate for cover. 

Embryo component. It jis assumed that habitat. Suita lity For. crore 
embryos depends primarily on water temperature, Vo; Gissolved oxygen content, 


V3; water velocity, Vs; spawning gravel size, V,; and percent fines 


Water velocity, Vs; gravel size, V5; and -percent Tines, Vae,. are; interrelated 
factors that have been shown to effect the transport of dissolved oxygen to 
the embryo and the removal of the waste products of metabolism from the embryo. 
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B) Second-class pool Moderate size and depth. Pool. depth and size ¢ 
are sufficient to provide a low. velocity resting area for a few 
adult trout. From 5 to 30% of the bottom is obscure due to surface 
turbulence, depth, or the-presence of structures. Typical second 
class pools are large eddies behind boulders and low velocity, 
moderately deep areas beneath overhanging banks and vegetation. 

C)  Third-class pool: Small or shallow or both. Pool depth and size 
are sufficient to provide a low velocity re ting area for one to 
very Tew adult trout Cover, if present, is in the form of shade, 
surtace turbulence, or very limited structure. Typical third-class 
pools are wide, shallow pool areas of streams or small eddies behind 
boulders. Virtually the entire bottom area is discernabiz 

(Vee Percent fines (< 3 mm) es tot ae : 
in riffle-ryun and in Je ee D . | 
spawning areas during 3 eee Seba di fe 
aveyraqe ra Flo. a 0.8 | 4 te i 
average summer flows. = i \ \ 
A = Spawning een 4 \ NY FE 
B= Riffle-run = | ia ale 

0.4 - \ \ r 
- : \ ee 
A “i ‘\ ‘ 

. 

i 

i i | | 


Percent of stream area 
-shaded between 1000 and 


(Viz) 


Optional ‘ . a 

Gus ) 1400 hrs (for streams — 

< 50 m.wide). . Do not oe 

use on cold (<18°C) = 

unproductive streams. fie 

= 

ise) 
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References to sources of data and the assumpt 

Suitability index graphs for cutthroat trout 
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Trout standing crops are correlated 
with the amount of usable cove 
resenti usable cover’ ds associated 
with water => 15 cm deep and velocities 
< 15 cm/sec. These conditions are 
associated more with pool than riffle 
conditions: ‘The bestlratio a7 faba tar 
conditions is about 50% poo] to 50% 
rijfle areas. Not @hi ofa pools area 
provides usable cover. Thus, it is 
assumed that optimal cover conditions 
for trout streams can be reached at 
< 50% of the total area 
The average size of. spawning gravel 
that is correlated with the best water 
exchange rates, proper redd construct- 
jon, and@highest fry survival is 
assumed to be optimum for average sized 
cutthroat trout. The percentage of = ¢ 
total spawning area needed to support a 
Good trout population was calculated 
Trom tne following assumptions 
i excellent riverine trout bitat 
-, Will support about 500 kg/hectare. 

2. Spawners comprise about 80% of 

the weight of the population 

900 kg x 80% = 490 kg of 

Spawners 
3. Cutthroat adults average about 

0.2 kg” each 

aes = 2,000 adult spawners 

0.2 kg : 
4. There are two aduits pe dd 

ae = 1,000 pairs 
= Fa nedd covers 20.5 

1,000: x 0.5°=.500 m? pe ctare 


Cc — 5 as 
®. - There are 10,000 m? per 
con 
25, ee ee ie va 5 
i Hammekata’ ee LO ‘om LOCcad ar 
-+vV 5 VU 
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Behnke and Zarn 1976 
‘Binns el377 


Binns. 1979 
Adapted trom Duff and 
Cooper 297.6 


Yariable and source Assumption 

Ve Hartman 1965 The substrate size range selected 
Everest 1969 Tor escape and winter cover by cut- 
Bustard and Narver 1975a, tnroat fry. and small juveniles is 

assumed ~o be optimum 

Vg Pennak and Van Gerpen 1947 The dominant substrate type containing 
Hynes 1970 . the greatest numbers of aquatic insects 
Binns and ciserman 1979 is assumed to be optimum for insect 

SroaucT Ion. 

Vos Needham 1940 The percent pools during: late summer 
bisersdO6Gee ‘Vow Tlows that(ts assoc] atediwith the 
pups Load greatest trout abundance is optimum 
Horner and Bjornn 1976 ; 

Vag Poy) 1942 The average percent vegetation along 
Delisle and cEliason 196] the streambank is related to the 
Chapman 1956 amount of allochthanous materials: 

Hunts 1975 deposited annually in the stream 
Shrubs are the Dest source of 
allochthanous materials; followed by 
grasses and forbs, and.then trees % 
The vegetational index is a reasonable ] 
approximation of optimal and suboptimal 
eonditions Tor most trout Siream 
habitats 

Vie Anonymous 1979 Tne average percent rooted vegetation 
Raleigh and Du77 198) and rocky ground cover that provides 

adequate erosion contro] to the stream 
7S optimum 

Vas Hartman and Gill 1968 The average annual maximal or minimal 
Platts 1974 DH levels related to high survival of 
Sekulich 1974 trout are optimum. 


rlow variations atrrect the amount and 
quality of pools, instream cover, and 
water quality. Average annual base 


Fiows associated’ with the highest 
standing crops are optimum. 

















in press) 


VAG Bjornn- 1969 
Cordone and K 
Platts 1974 
McCucdin 1977 
Crouse et al. 198] 


Wy 1964 


(D 





Assumption 





Pool classes associated with the 
highest standing crops of trout are 


optimum. 

The percent fines associated with the 
nighest standing crops of food organisms, 
embryos, and fry in each designated area 
1S optimum 


The percent of stream area shaded that 
1s associated with optimal water tem- 
peratures and photosynthesis rates is 
optimum 





V5 Sabean 19765, 1977 

Anonymous 1979 
The above references include data from s 
This information has been selectively us 
data gaps on the habitat requirements of 


Ro 





tudies on related salmonid species. 
ed to supplement, verify, or complete 
cutthroat trout 


<2 





Riverine Model 


This model uses a life stage approach with five components adult, @ 
juvenile, fry, embryo, and other 
Adult (C4). Cy Vat, oth Lerman A ouvir gr, CATIG WM 305 
yee 
Das c.8! WHS Cen nc) See ee Se) 
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ae i > : 
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Juvenile (C4) C. variables es ie Re eee eed 
a aa: 
Ae 3 
Or, any avar ido 1S esr0 sere nen Cy = the lowest variable score 
Fry (C-). CeavaY ab es: ae Neeena’ Ves 
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SAR ON: scree, ck ee 
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Steps 
A. A- potential spawning site is an 2 0.9 m2 area of gravel O.3-8.20 cm in 
size covered by flowing water 2 15 cm deep. Av each spawning site 
sampled, record: 
1.. The average water velocity over the site; 
2. The average size of all grave! 0.3-8.0 cm, 
3. The percentage of fines < 0.3 cm in the gravel; and 
4. he total .area anwmanceT eacmustce 
B. Derive a spawning site suitability index (V_) for each site by combining 
e é = 
ViuaVe. aniduvig, Valves, TOC) GaGhu ce 
173 
Vo =.(Vs x Vz xX Vis) 
S Z 
C, Derive a weighted average (V_) for all sites included in the sampie 

















Sadect theebest Vsiscores; Unlit aime oe sere included, oy unti1 @ | 
ey Z 
a ae = . A - tis a i ee as eee emo TERE osteo} she ake en ee S| 
a total spawning area equal io, out not exceeding, %% OTetne Tota 
cutthroat trout habitat has been included, whichever comes Tirst 





Saget (a Si 
= /O205' Coutpuetcennet > 21.0 
total habitat area ; ) 
where A. = the area of each spawning site in m*, but ZA. cannorv 
1 mi of Ree ae DS i ax ales al +ih a wane anet 1 
exceed 5% of the total cutthroat nabivtar 
Vee eae individual SI scores from the best spawning areas . 
3% -35 = Aes 6 5 
until all spawning sites have been included or until . 
SI's from an area equal to 5%: of the total cutthroat | 
habitat being evaluated has been included, whichever 
SCcuUns oi TS: 
D. Derive Ce 
C. = the lowest score o7 Vey Vaeeorey,. 








Other (Cy). Cy baslap esas Ve. nV vet¥ego Vine Mer ssian Vass Vogal 13 
M20 1/2 
(Ve xX Vas) 2 " i/N 
Cy = eee ee” EE EY Br UR WG SAX ON FS ROS SD X Vee)” 
where N = the number of variables within the parentheses Nove 
that variables V,, and Viz are optional and, there7ore, 
may be omitted (see page 18). 
oe determination. HSI scores may be derived for a Smid eerie sscage, 2 
sion of two or more lite stages, or all life stages Cc combined. In al| 
, except for the embryo component (C-), Ey kp is obtained by combining 
fa we |i Tea: St a core ; mh tho other nonanr fC core 
ne or mo ife stage component sc 5 with the other component (ta) score 


Equal Component Value Method: The equal component value mechod Ree eee 
that each component exerts equal inyluence in determining HSI. Thi 
method should be used to determine HSI unless information exists thie 
individual components should be weighted Gitrerenciy.. Componencs: 
Gee we ree eG ae 
UN Sa DS) Bat tA eae 0 

ae A 1/N 

HSi = (C, x Cy : Ce x Co x Cy) 

or, if any component is = 0.4, then WS]| =the lowest component value, 

OR mth Cy is <-the equation value, then HSI = Ch. 

where: N= the number of components in the equation. 


Solve the equation for the number of components to be included in 


iL 
L 
evaluation. There will be a minimum of two, one or more life stage 
components and the component (C,); unless only the embryo life stag 


Coy 4s being evallatea; then Ha = Ge. 
ae ’ = 


Unequal Component Value Method. This met hod also uses a life stage 
approach with five components: adult (C,); juvenile (C5); Try Ce): 

: ( 
embryo (C-), and other (Cy). However, the C, component is divided into 


two subcomponents, Tood (Coe) and water qual 
1 


the C,- subcomponent can either increase or decrease the suitabi 
ils : 


24 











the h 
* S 
0Q 
Uchaes: 
Tne m 
¥ j 


CO 


abitat by its effect on growth at each life stage except embryo. The 
ubcomponent is assumed to exert an influence equal to tne combined 


ence of all other model components in determining habitat suizability 
ethod also assumes tnat water Aca vere js excelent, COQ = 1 When 
s < 1, HSI is decreased. In addition, when a basis for weighting 
s, mode] component and subcomponent weights can be increased by 
piying each index value by multipliers > 1. Moael weighting 
dures must be documente 
+ . ie Lee. 
nents and subcomponents Cas aE Ce, Ce, Cor, and Cog 
Calculate the subcomponents (C,- and Co? of C5 
Vil ( 
ie 
(Ve a oe + Vay 
C na = = 
OF 2 
1/4 
Cog = Ce x V5 x Nas xX Megane 
ny Variable iss 0.4) then Ci- = "the value or she lowes: 


Calculate HSI by either the noncompensatory or the compensatory option. 


Noncompensatory option. This option assumes that degraded water 
quality conditions cannot be compensated for by good physical] habitat 
conditions. This assumption is most 1i 


3 


kely true for small streams 
a =| 


j true 
(< 5 m wide) and for persistent degrade ter quality conditions. 


wn Us = - A ie 
A F OF 00 
or, if any component is < 0.4, then HSI = the lowest component 
\ ie \ - 
value > Cog 
where N = the number of components and subcomponents inside the 
parentheses or, if the model components or subcomponents 
have unequal weights, then N = £ of weights selected. 








If only the embryo component is being evaluated, then HSI = €- x C 





Compensatory option. This method assumes that moderately degraded 
water quality conditions can be partially compensated for by good 

physical habitat conditions. This assumpt POM TS CUSeTUA LOT: terge 

rivers (2 506 m wide) and Tor temporary, or short terme poor water 

guality conditions. 








a ae ie eae CL ~~ Vv C pe WP wf en 
By mle ae Sag x oe n e ye =e Ln “Or? 
Oy es ee eeeneh ole yenC 
) A A 
where: N = the number of components and subcomponents in the 
equation, or wile the model components or subcompor 
nents have unequal weight shen N= i oT weights 
selected. 
2) If Cag oes a ene ee Sle ak, pa oer in NO«, 
HST = Si" 
3) If only the embryo component is being eVabdevec gee mengehne 
procedure in step 2, substituting Cayion esi. 
Lacustrine Mode] 

The following model is available to evaluate cutinrozt Lrost yacustrine 
Habitat The lacustrine modelo consists Of tuwo) componeay Ss. | wWeteTy Sued ty and 
reproduction 

Water Quality (Cig) Cw variables Moat sree iene 

1/3 
Cw Ss en evs) 

or, if the’ Si! scores Tor’ Vagorsl¥; arers G24, *then Wl) mee sy tet ee ys eel 

score Torevy or Wy ; 


Note lacustrine cutthroat require a tributary stream Tor szewning and 
embryo development. If the embryo lite stage babheat. hh tbaass BNE LuUGed in 
the evaluation, use the embryo component eke ane sSovesoasan she pyrLverine 
model above, except that the area of spawning gravel neesed “3 only about 1% 
of the total surface area of the lacustrine habitat 
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WO E 
If only the lacustrine habitat is evaluated, then HSI = C,,,. 
cil 

interpreting Mode! Outputs 

Model HSI scores for individual life stages, composite life stages, or for 
the species are a relative indicator of habitat» suitability.for the evaluation 
element. The HSI models, in their present Torm, are not intended to censis- 
tently predict standing crops of fishes throughout the United States. Standing 
crop limiting factors, such as interspecific competition, predation, disease, 
water nutrient levels, and length of growing season, are not included in the 
aquatic HSI models. The models contain physical habitat variables important 
in maintaining viable populations of cutthroat trout LT 2 chee mode leas 
correctly- structured, a high HSI score for a nabitat: would indicate near 
optimal regional conditions for cutthroat trout for those factors- included in 
tne model, intermediate HSI scores wouid indicate average habitat conditions, 
and low HSI scores would indicate poor habitat conditions. An HSI of O does 
not always mean that the species 1s not present. An HSI of OQ means that the 
hacpitat is very poor and the species wil] be scarce or absent 

Cutthroat trout tend to occupy riverine habitats with very Tew other fish 
species present. They are usually competitively excluded by other trout 
Species. Thus, factors of disease, interspecific competition, and predation 
usually will have little effect on the model When the cutthroat trout mode! 
js applied to cutthroat trout streams with similar water quality and length of 
growing season, jit should be possible to calibrate the model output to reflect 
size of standing crops within some reasonable confidence jimits. This possi- 
bility, however, has not been tested with the present model 

Sampie data sets selected by the authors to represent high, intermediate, 
and low habitat suitabilities are given in Table 2, along with the SI's and 
HSI's generated by the cutthroat trout riverine model yne’ mocel outputs 
calculated from the sample data sets (Tables 3 and 4) refiect what the authors 
pbeiieve carrying capacity trends would be- in riverine habitats with the listed 
characteristics; thus, the mode] meets the specified acceptance ievel 
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Uabitat survey form used for the South Fork of Cocur D'Alene River and tributaries. 


STREAM: __ . “REACH: DATE: | i ~@ HAGE GORD 
FLOW CONDITIONS: WEATHER: is SEE: 3 









Habitat Unit Data | Surface Aren/vol Other Characteristics Photo , Comments - 





Streambed Characteristics Streambank Characteristics 


LEFT 


; Emb | AV AV — | Stabi- Bank | Veg Stabi- 
Abun | Type | lity Veu ala lity 


UGH 








Woody 
debris 


Unit | Unit struct Ch. Alt 


Type -| asso 

















Codes used for habitat survey of Coeur d’Alene River and tributaries. 





Habitat Code: . Pool Tvpe & Code: 
G= Glide =1 3 = Backwater 
P= Pool 4 = Trench 
R= Riffle 5 = Plunge 
= Secondary Channel 6 = Lateral Scour 
D = Dry . 7 = Damned 
Riffle Type & Code: Structural Association Code: 
9= Low gradient - bedrock B = Boulder 
10 = Low gradient - gravel | C =Culvert 
11 = Low gradient - cobble D = Beaver Dam 
'12 = Low gradient - boulder E = Enhancement Structure 
13 = Rapids | F_= Falls 
14 = Cascades : . OQ = Others . 
P = Pocket Water (riffles) 
R =\Bar 
' § = Stream Bend 
T = Rootwad 


W = Large Wood 
Substrate Codes: 


B= Boulder (256mm) 

LC = Large Cobble (128-256mm) 
SC = Small Cobble (64-128mm) 
LG = Large Gravel (16-64mm) 
SG = Small Gravel (2-16mm) 

Sd = Sand (0.062-2mm) 

SUC = Silt/Clay (<0.062mm) 


O= Optimum 

SO = Sub-optimum 
M = Marginal 

Pia 2 O08 


Codes for Aquatic Vegetation (AV) Abundance & Woody Debris: 





= Hien ' A= Algae - 
M = Moderate M = Macrophyie 
La Low 
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lVLUDLADa UNV Mapital Assessment Field Vata Sheet’ 


Stream 





Date 





Habitat Parameter 


Embeddedness 


Channel] Alteration 

channelization, 
straightening, dredging, 
other alterations) 


Score ( ) 


Bank Stability (Score 
each bank) 

Note: determine left or 
right side while facing 
downstream 


Score ( ) (left) 
Score ( ) (mgnt) 


Bank Vegetation 

rotection (note: reduce 
scores for annual crops 
and weeds which do not 
hold soil well, eg 


knapweed) 


Vegetated Zone Width 


> 


(score zone for each side 


of stream) 


Score ( ) 


Optimal 


Gravel, cobble or 

boulder particles are 

between 0-25% 

surrounded by fine 

sediment (particles 

Jess than 6.35mm 
eta) 


16-20 


Channel alterations 
absent or minimal: 
stream pattern 
apparently in natural 
State. 


16-20 


Banks stable; no 
evidence of erosion or 
bank failure; little 
apparent potential for 
future problems. 


9-10 


Over 90% of the 
streambank surfaces 
covered by stabilizing 
vegetation; vegetative 
disruption minimal or 
not evident: almost 


all plants allowed to 
grow naturally. 





Width of vegetated 


zone > 100 feet. 


9-10 


Site 


Kittle/KRun Prevalence 





Investigator 


Sub-Optimal] 


Gravel, cobble or 
boulder particles are 

etween 25-50% 
surrounded by fine 
sediment. 


Some channelization 
present, usually in 
areas of crossings, etc. 
evidence of past 
alterations (before past 
20 yr) may be present, 
but more recent 
channel alteration is 
not present. 


Moderately stable; 
infrequent, small areas 
of erosion mostly 
healed over. | 


70-90% of the 
streambank surfaces 
covered by vegetation; 
disruption evident, but 
not affecting full plant 
growth potential to any 
great extent; more than 
one-half of the 


potential plant height 
evident. 


6-8 


Width of vegetated 
zone 30-100 feet. 


‘Adapted from the Montana Habitat Assessment Field Data Sheet. 


Marginal 


Gravel, cobble or 
boulder particles are 
between 50-75% 


‘surrounded by fine - 


sediment. 


New embankments 
present on both banks; 
and 40 to 80% of the 
stream reach 
channelized and 
disrupted. 


6-10 


Moderately unstable; 
moderate frequency 
and size of erosional 
areas; up to 60% of 
banks in reach have 
erosion; high erosion 
potential during high 
flow. 


50-70% of the 
streambank surfaces 
covered in vegetation; 
disruption obvious; 
patches of bare soil or 
closely cropped 
vegetation common; 
less than one-half of 
potential plants height 
remaining. 


Width of vegetated 
zone 10-30 feet. 








Gravel, cobble, and 
boulder particles are 
over 75% surrounded 
by fine sediment. 


Banks shored with 
gabion or cement; over 
80% of the stream 
reach channelized and 
disrupted. 


0-5 


Unstable; many eroded 
areas; “raw” areas 
irequent along straight | 
section and bends; — 
obvious bank | 
sloughing; 60-100% of 
panks have erosion 
cars on side slopes. 

0-2 


Less than 50% of the 
streambank surface 
covered by vegetation; 
extensive disruption of 
vegetation; vegetation 
emoved to 2 inches or 
less: 


Width of vegetated 
zone <10 feet. 


Montana DEQ Habitat Assessment Field Data Sheet! 


Stream 
Date 


Habitat Parameter 


Optimal 


Site 
Investigator 


Glide/Pool Prevalent Steam 


Category 


Sub-Optimal 


Marginal 


- 





Bottom Substrate/ 
Available Cover 


Score. ( ra 


Greater than 50% 
mix of snags, 
submerged logs, 
undercut banks, 
rubble or other 
stable habitat and 
at stage to allow 


| Tull colonization 


potential (1.e., 
logs/snags that are 
not new fall and 
not transient). 


16-20 


30-50% mix of 
stable habitat; well- 
suited for full 
colonization 
potential; adequate 


| habitat for_ 


maintenance of 
populations; 
presence of. 
additional substrate 
in the form of 
newtall, but not yet 
prepared for 
colonization (may 
rate at high end of 
seale). 

11-15 


'Adapted from the Montana Habitat Assessment Field Data Sheet. 


10-50% mix of 
stable habitat; 
habitat availability 


| less than desirable; 


substrate frequently 
_disturbed or 
removed. 


Less than 10% 
stable habitat; lack 
of habitat is 

obvious; substrate 
unstable or lacking. 


> 
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Hydrologic 
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Conservancy 


with 
Smythe Scientific Software 


July 2001 


Table 1 


Summary of 33 hydrologic parameters used in the Indicators of 
Hydrologic Alteration software, and their characteristics. 


IFA Statistics Group 


Magnitude of monthly water 


conditions 


Magnitude and duration of 
annual extreme water 
conditions 


Hydrologic Parameters 


Mean value for each calendar 
month 


Subtotal 12 parameters 


Annual 1-day minima 


Annual minima, 3-day means 
Annual minima, 7-day means 


Annual minima, 30-day means 


Annual minima, 90- day means 


~ Annual 1-day maxima 


Annual maxima, 3-day means 
Annual maxima, 7-day means 


Annual maxima, 30-day means 


Annual maxima, 90-day means 


Number of zero-flow days (zero 
flow) 


7-day minimum flow/mean for 


_ year (base flow) 


Subtotal 12 parameters 


, Soil moisture stress in plants | 


Ecosystem Influences 


Habitat availability for aquatic 
organisms 

Soil moisture availability for plants 
Availability of water for terrestrial 
animals 

Availability of food/cover for fur- 
bearing mammals 

Reliability of water supplies for 
terrestrial animals 

Access by predators to nesting sites 
Influences water temperature, oxygen 
levels, photosynthesis in water column 


Balance of competitive, ruderal, and 
stress- tolerant organisms 


Creation of sites for plant colonization 


Structuring of aquatic ecosystems by 
abiotic vs. biotic factors 
Structuring of river channel 
morphology and physical habitat 
conditions 

Dehydration in animals’ nth 
Anaerobic stress in plants 
Volume of nutrient exchanges between 
rivers and floodplains 
Duration of stressful conditions such as 
low oxygen and concentrated 
chemicals in aquatic environments 
Distribution of plant communities in 
lakes, ponds, floodplains 


’ Duration of high flows for waste 


disposal, | aeration of spawning beds 
in channel sediments 


@ 








Table 1, continued 


IMA Statistics Group Hydrologic Parameters Ecosystem Influences 


Timing of annual extreme Julian date ofeach annual 1-day © Compatibility with life cycles of 


water conditions 


Frequency and duration of ~ 
high and low pulses 


Rate and frequency of water 
condition changes 


maximum 


Julian date of each annual 1-day 
minimum 


Subtotal 2 parameters 


Number of low pulses within 
each year 


Mean duration of low pulses 
within each year 


Number of high pulses within 
each year 


Mean duration of high pulses 
within each year 


Subtotal 4 parameters 


Means of all positive differences 

.between consecutive daily values 
nec ahve 

Means of all differences 

between consecutive daily values 

Number of hydrological 

reversals 


Subtotal 3 parameters 


Grand total 33 parameters 


organisms 
@ Be SI eae of stress for 
organisms 
e Access to special habitats during 
reproduction or to avoid predation 
e Spawning cues for migratory fish 
Evolution of life history strategies, 
behavioral mechanisms 


e Frequency and magnitude of soil 
moisture stress for plants 

e Frequency and duration of anaerobic 
stress for plants 


e Availability of floodplain habitats for 
aquatic organisms 

e Nutrient and organic matter Soe 
between river and floodplain 


e Soil mineral availability 
e Access for waterbirds to feeding, 
resting, reproduction sites 


e Influences bedioad transport, channel 
sediment textures, and duration of 
substrate disturbance (high pulses) 


e Drought stress on plants (falling levels) 


e Entrapment of organisms on islands, 
floodplains (rising levels) 

e Desiccation stress on low-mobility 
streamedge (varial zone) organisms 
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Comparison of One and Two-dimensional 
Open Channel Flow Models 
for a Small Habitat Stream 
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ABSTRACT: Recent developments in physical habitat calculations have intro- 
duced the use of two and three-dimensional hydrodynamic model components. 
Practitioners are unfamiliar with the more detailed hydrodynamic models and their 
applicability to smaller streams characterized by small flow depths and rapid bathy- 
meiric variations. Our objective was to evaluate and compare the results of a two- 
dimensional model depth and velocity simulation with conditions simulated using 
the one-dimensional hydraulic models using typical field data collected for instream 
flow studies. One-dimensional (transect) profile and velocity data were collected at 
two discharges and two-dimensional bathymetric data were collected separately. 
The Physical Habitat Simulation system (PHABSIM) hydraulic models were cali- 
brated to the higher discharge velocity and water surface measurements and then 
used to predict the low discharge values. Then the CDG2D finite element model, 
including automatic super-critical/sub-critical evaluation and a continuous 
wet/dry area solution procedure, was used to simulate both discharges with mini- 
mal calibration. Comparisons of velocity and water surface elevation predictions for 
full and split flow portions of the channel were performed. These comparisons show 
that for the available data and simulated flow conditions the two methods offer com- 
parable precision of prediction, but that the two-dimensional model captures com- 
plex flow situations where significant transverse flow is present. Implications for 
habitat modeling and observations on data collection procedures for both categories 
of models are discussed. 


KEY WORDS: Calibration, depth, hydraulics, Physical Habitat Simulation sys- 
tem, PHABSIM, two-dimensional model, velocity, verification. 
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ne-dimensional hydraulic models have 
been used in habitat studies since the late 
1970s. The Physical Habitat Simulation sys- 
tem (PHABSIM) (Milhous et al. 1989) devel- 
oped at the Midcontinent Ecological Science 
Center (MESC) contains many empiricisms to 
handle such things as simulating changing 
edge conditions, simulating water depths 
greater than the highest measured points, and 
other practical problems. An important 
empiricism employed in the one-dimensional 
model application in this study is use of a 
measured velocity distribution as a template 
for simulation of velocities at unmeasured 
discharges. Implicit in the one-dimensional 
approach is application of a representative 
cross section to a channel length determined 
by the smaller of hydraulic breakpoints or 
changes in important habitat phenomena. The 
field data required for this approach inchude 
cross-sectional measurements of velocity and 
depth for a number (MESC recommends three 
or more) of selected discharges at the site. 

The empirical approach can lead to errors 
in prediction of depth and velocity, especially 
when channel conditions approach the 
bounding assumptions of the empirical mod- 
els. Two-dimensional models hold the 
promise of providing a spatially explicit solu- 
tion of the flow field (Bechera et al. 1994: 
Ghanem et al.1994; U.S. Army Corps of Engi- 
neers 1996). By attempting to model more of 
the detailed physics (hydrodynamics) of the 
streamflow including such things as eddies, 
split channels and secondary channels associ- 
ated with islands and flow reversals, the 
potential exists for a more accurate descrip- 
tion of habitat events (Mathews and Bao 1991; 
Leclerc et al. 1995; Tarbet and Hardy 1996). 

Instream flow practitioners in provincial 
and federal agencies in Canada and the Unit- 
ed States are becoming increasingly aware of 
the potential for use of two-dimensional 
hydraulics in instream flow studies. Both 





INTRODUCTION 


skepticism and hope are expressed for better 
representation of instream habitat conditions. 
Unfortunately, there are but a few studies 
verifying two-dimensional results for low 
flow or small-scale situations and none we 
know of have used field data collected for an 
instream habitat study to compare the results 
of using one-dimensional and two-dimen- 
sional hydraulic models. This study was 
designed to address two areas of interest to 
instream flow decision makers: (1) the use of 
typical field data from a hydraulically inter- 
esting environment to compare one-dimen- 
sional and two-dimensional hydraulic model 
performance, and (2) the identity of strengths 
and weaknesses of data collection techniques 
to develop data collection guidelines. This 
study is part of a larger project to evaluate the 
impact of two-dimensional modeling on the 
overall habitat evaluation process, including 
a variety of sites and integration of biological 
parameters. 

The site selected for this study was on the 
Elbow River in Calgary, Alberta, Canada, 
where a standard instream habitat study using 
PHABSIM was in progress. Distributed bathy- 
metric and substrate data for the two-dimen- 
sional model were also collected at the same site 
assuming that the channel had not changed. 
Two sets of cross-sectional (water surface eleva- 
tion and velocity) data were available; one fora 
higher discharge (approximately 21 m°/s), and 
one for a lower discharge (approximately 4 
m?/s). Although MESC recommends that 
instream flow studies be conducted with as 
many discharge data sets as possible, to allow a 
blind test, the one-dimensional model was cali- 
brated with the higher discharge and then used 
to predict depth and velocity at the cross sec- 
tions for the lower discharge. The two-dimen- 
sional model was run with minimal calibration 
for both discharges. For both models, the results 
were compared to the field measurements and 
are reported herein. 


SITE DESCRIPTION 


The Elbow River arises in the Canadian 
Rockies near the continental divide and flows 
north-east through Calgary, Alberta, where it 
joins the Bow River. The selected study site 
lies about 1 km downstream of the Glenmore 
Reservoir, which is the primary source of 
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drinking water for the City of Calgary and 
about 4 km upstream of the confluence with 
the Bow River. The mean annual flow of the 
Elbow is about 8.5 m/s (Kellerhalls et al. 
1972). The channel is 35 to 50- m wide and the 
mean slope is roughly 0.0037. At the study 
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site the channel bed consists of a cobble and 
boulder alluvium with areas of exposed sand- 
stone bedrock and'a few colluvial sandstone 
boulders. A few areas of gravel are found 
within the study area, but the dam upstream 
has cut off the sediment supply. An island 
splits the flow along about one-third of the 
315-m study site and a moderate bend is 
entered at the downstream end of the site. The 
south bank abuts the valley wall, which is 
steep, high, and forested. The bank north of 
the island has been subject to significant ero- 
sion over the last two years and property 
owners have undertaken some protection 
works, including riprap and log walls along 


parts of the bank. The study area contains 
pools for holding and resting, velocity refugia 
behind colluvial boulders, and nearby gravel 
areas for spawning; ideal habitat conditions 
for brown trout (Salmo Trutta). 

The study site was selected to provide a 
challenging test for both one-dimensional and 
two-dimensional models. The site has fairly 
steep segments and the flow division around 
the island is somewhat complex with signifi- 
cant lateral shifts in the flow. There are also a 
number of large rocks and boulders in the 
stream. At the same time, the site was easily 
accessible and is entirely wadeable ‘at low 
flow. 


DATA COLLECTION 


The data collection consisted of two sets of 
cross-sectional topographic and velocity data 
for the one- dimensional PHABSIM approach 
and one set of topographic measurements for 
the two-dimensional approach. Figure 1 
shows a plan view of the test site indicating 


the location of the PHABSIM cross sections 


(indicated as T1 — T8) and of the distributed 


topographic points (indicated as small cir- 


cles). Details of the data collection procedures 
are considered in the following sections. 


One-dimensional Model 
Transect Data 


The one-dimensional model data was col- 
lected as part of an ongoing PHABSIM study. 
It consisted of depth and velocity measure- 
ments taken along 8 transects at a high dis- 
charge of approximately 21 m°*/s and a low 
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discharge of 4 m?/s. The high discharge data 
were collected on 15 June and the low flow 
measurements were made on 25 October 
1995. An extreme high flow event occurred 
during late May and early June 1995, causing 
significant alterations to the channel, invali- 
dating earlier measurements, and leaving 
some uncertainty as to channel stability. Four 
depth and velocity data sets would have 
allowed use of three observations in calibra- 
tion of the one-dimensional models as recom- 
mended by the MESC and the fourth in a 
blind comparison. However, one purpose of 
this paper was to use typical study data to 
provide a real world example of model per- 
formance; therefore, available data were used. 

Data collection in any river is.subject to sev- 
eral potential sources of error. Among the 
most common are unsteady flow, channel 
change between measurements, and measure- 
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FIGURE 1. Site plan view and data collection locations on the Elbow River. 
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ment error. During collection of the two one- 
dimensional data sets, careful use of a staff 
gage indicated that changes in discharge 
occurred. Discharge values calculated from 
individual transects varied as much as 25%.at 
the high discharge and 50% at the low dis- 
charge. A multiple flow calibration of the one- 
dimensional backwater model (called WSP) 
was performed to accommodate the unsteady 
flow. 

Measurement of the bed topography along 
the transects used in the one-dimensional 
model was accomplished using standard sur- 
veying equipment above the water surface 
and using depth measured from a wading tod 
for wet areas. Because high discharge was 
greater than had been anticipated, additional 
error may have been introduced when tran- 
sect endpoints were moved. These two cir- 
cumstances resulted in vertical differences of 
up to 0.1 m and horizontal differences of up to 
2 m encountered in the bed profile betweeri 
the two measured discharges. The bed profile 
derived from the low discharge measure- 
ments was chosen as most representative of 
the conditions in the Elbow River at the time 
the two-dimensional data were collected. 

These kinds of data collection problems are 
typical of field measurement in rivers. 
Because a staff gage had been placed and read 
at the beginning and end of measurements at 
each transect, we were able to correlate the 
changes in discharge observed at individual 
transects with stage at a fixed location. For 
most observations there was a corresponding 
rise or fall of the staff gage with increase or 
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decrease of the discharge measured at the 
transects. Those transects with an obvious 
deviation from this correlation were given 
less weight in the calibration process. 


Distributed Topography 
and Substrate Data 


The distributed topographic data were 


obtained using a total station on 29 and 30 | 


August 1995. A total of 1,126 points were mea- 
sured with an Overall average spacing of 
about’6 m. As is shown in Figure 1, the density 
varied considerably with a generally finer res- 
olution between sections 3 and 8 and a very 
fine resolution through the channel on the 
north side of the island. The general pattern 
used by the surveyors tended to be cross sec- 
tional with some intermediary points to delin- 


eate channel features and two very large-col- . 


luvial boulders. In the two-dimensional 
model, definition of bed topography is 
achieved by creating a triangulated irregular 
network (TIN) from the field topography 
data. The data collection pattern caused some 


problems in the triangulation as situations’ 


arose where a triangle on the side of the chan- 
nel had two vertices on the top of the bank 
and one near the center of the channel. Linear 
interpolation from the TIN then results in an 
artificial wedge shaped "side-channel bar" 
projecting into the channel. To alleviate this 
effect, longitudinal "breaklines" were thread- 
ed along the toe of the channel banks and esti- 
mated thalwegs. The thalweg breaklines are 
included in Figures 1 and 2 for illustration. 


» 
wit 
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101.0 98.25 98D AY Jf | 99.5 
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FIGURE 2. Elbow River bed topography from the two-dimensional survey. 
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These breaklines were used to interpolate 
additional points at triangle edge intersec- 
tions. Thus, the direction of the interpolation 
is corrected while using the same triangula- 
tion procedure. Figure 2 shows the bed eleva- 
tion contour map derived from the distrib- 
uted data including the breaklines. 

At the same time as the topographic survey, 


_a substrate mapping exercise was carried out. 


Areas of relatively homogeneous substrate 
were identified by visual observation both at 
stream level (while wading) and from the 
vantage of the high south-eastern bank. These 


areas were delineated and surveyed as poly- 
gons using the total station. Figure 3 shows a 
map of these polygons and Table 1 indicates a 
description of the substrate type, a value of 
PHABSIM substrate code, and an assumed 
value of hydrodynamic roughness height for 
use in the two-dimensional model. The 
roughness values were then transferred to the 
bed topographic points. In a habitat study, the 
substrate codes would be filtered through a 
suitability function such as those used in the 
habitat models within PHABSIM. 





TABLE 1 
Elbow River substrate and bed roughness height used in Figure 3. 
Map Substrate Description Roughness 
Key Code Height (m) 
ail 4.0 sae . sand 0.03 
2 5.3 ~ Uwigtavel 0.05 
mag we cobble 0.07 
4 6.5 large cobble 0.2 
D 6.9 small boulder 0.3 
6 Sie large boulder 0.5 
ig 7.6 very large boulder or trees £5 


ANALYSIS AND MODEL CALIBRATION TO THE HIGH FLOW 


PHABSIM 


Given adequate topographical and water 
surface profile observations, the recommend- 
ed procedure for hydraulic simulation in 
PHABSIM is to use a step-backwater model to 
describe the water surfaces and the IFG4 pro- 
gram to distribute velocities across the chan- 
nel. The IFG4 program has options for using 
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point discharges measured at a calibration 
flow to calculate a set of point values of Man- 
ning's n across each transect. These "velocity 
distribution" n values are then used as a tem- 
plate to distribute velocity across the channel 
at simulated discharges. Using water surface 
elevation values for each transect for each dis- 
charge derived from the WSP backwater 
model, the IFG4 program proportionately dis- 


N 





FIGURE 3. Map of the Elbow River substrate and bed roughness. 
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tributes velocities while maintaining continu- 
ity through each transect. When several cali- 
bration data sets are available, velocity tem- 
plates for different ranges of flow can be 
prepared to limit the range of extrapolation 
from observed conditions. Because we were 
limited to two data sets, the one-dimensional 
hydraulic models were calibrated to the high 
discharge data with no knowledge of the low 
discharge observations. This allowed a blind 
comparison of water surface elevation and 
velocity prediction when the low discharge 
was simulated. Use of one discharge for cali- 
bration of these empirical models places a 
heavy burden on the assumptions and empiri- 
cisms built into the PHABSIM, and in that 
sense, is a demanding test of these models. 

Initial water surface elevations for the WSP 
backwater model can be generated using the 
PHABSIM program, MANSQ. This program 
uses a power function of the ratio of simulated 
discharge to observed discharge to adjust con- 
veyance at different discharges at each transect. 
When more than one discharge measurement is 
available for calibration, the exponent is adjust- 
ed until good agreement of simulated versus 
observed water surface elevations is achieved 
for all discharges. Lacking multiple discharge 
measurements, an empirically derived median 
value of 0.22 can be used for this exponent in 
gravel- and cobble bed rivers (Milhous 1987). 
The water surface profile for the low discharge 
was calculated in the WSP model using the ini- 
tial water surface elevation from MANSO and 
the Manning’s n values derived during the high 
flow backwater calibration. 

To simulate the split channel around the 
island, the data were subdivided into three 
portions. The first four transects were treated 
as one set and the WSP backwater and IFG4 
velocity distribution procedures were applied 
across the entire channel. The data for tran- 
sects 4 through 8 were then divided into north 
and south channel portions based on the frac- 
tion of flow observed at each of the three tran- 
sects that crossed the island. The water sur- 
face elevations simulated for each discharge 
at transect 4 in the first data set were used as 
initial water surface elevations for the north 
and south channel backwater simulations. 
The same backwater procedures were then 
followed for the two split channels as for the 
combined channel. Manning's n values were 
adjusted for both channels to obtain minimal 
error in water surface elevation along each 
side channel as well as for the north and south 
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portions of transect 8 while avoiding an unre- 
alistic range or oscillation of n values between 
transects. That is, some error in fitting the high 
flow backwater profile was tolerated to avoid 
unrealistic variation in Manning’s n between 
transects. 

Due to the unsteady flow conditions during 
measurement, the backwater model was cali- 
brated to three discharges: 21.7, 20.7 and 
20.3 m?/s. Staff gage and calculated discharge 
values for each transect were used to deter- 
mine which of the three simulated backwaters 
would be applied to each transect. The pro- 
files shown on Figure 4a and 4b illustrate the 
accuracy with which the water surface profile 
was simulated at the calibration discharges 
using the one-dimensional model. The mean 
absolute calibration error among the eight 
transects was 0.011 m. 


Two-dimensional Model 


The two-dimensional (depth-averaged) 
computational model is the CDG-2D model 
developed at the University of Alberta 
(Ghanem et al. 1994, 1995, 1996). This model 
uses a Petrov-Galerkin upwinding scheme for 
stability and jump capturing. It can therefore 
predict, without intervention, regions of 
supercritcal flow and associated transitions. 
The model also incorporates a highly simpli- 
fied groundwater flow model for flow in dry 
(water surface below ground surface) areas. A 
continuous water surface elevation over the 
entire domain is predicted. The groundwater 
component does not attempt to accurately 
represent subsurface flow fields, but is used 
merely as a convenient way to handle the lat- 
eral wetting/drying boundaries of the surface 
flow. As such, the groundwater parameters of 
storativity and permeability are set to arbi- 
trary but small values over the entire solution 
domain to minimize the groundwater dis- 
charge. The model uses a physical description 
for lateral eddy diffusivity, limited to 0.14 
times the bed shear velocity and depth (Fisch- 
er et al. 1979). 

A two-dimensional finite element computa- 
tional mesh consisting of 3,302 nodes and 
6,508 linear triangular elements was generat- 
ed. The mesh was created in an unstructured 
fashion and the primary criteria for refine- 
ment was topographic matching. This was 
assessed visually by overlain.contour maps in 
the mesh-generation program. At each node 
the bed elevation and roughness height were 
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FIGURE 4. Elbow River longitudinal profiles for north and south channel thalwegs. 
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specified. Following the model’s discretization 
scheme, these parameters are assumed to vary 
linearly over each triangle. The computational 
domain was extended about 50 m in the 
upstream and downstream directions to mini- 
mize the effect of inflow and outflow boundary 
condition specifications, which were supplied 
to the model as a uniformly distributed inflow 
discharge and a fixed downstream elevation. 

The bed resistance distribution was evalu- 
ated in terms of a direct characterization of the 
substrate material in terms of an equivalent 
roughness height as indicated in Table 1. It 
was assumed that grain roughness predomi- 
nated in this stream for all bed material class- 
es, except for the sand substrate. Grain rough- 
ness height is usually taken to be a multiple 
(1 — 5) of either the D50 or D84 grain size (Hey 
1979; Yalin 1992). In this application, the 
roughness height estimate was taken as the 
largest size in the substrate classification. For 
the sand substrate, a rough estimate of the rip- 
ple bedform height was used. For most of the 
bed, roughness elements up to large boul- 
der (h = 0.5 m) were subsumed in the nodal 
roughness height values; however, the two 
very large colluvial boulders (h = 1.5 m) were 
mapped in the bed topography and computa- 
tional mesh. 

Once the bathymetric profile, bed rough- 
ness, outflow elevation, and inflow discharge 
data were prepared for each of the study dis- 
charges the model was run until mass balance 
convergence was achieved. We considered the 
model to be converged when the difference 
between the inflow and outflow rate was less 
than one percent of the target discharge (i.e., 
approximately the amount of groundwater 
flow). Velocities ranged from zero m/s at 
water’s edge to 2.55 m/s in the vicinity of 
transect 6. Froude numbers were generally 
subcritical, though a few poorly located mesh 
elements resulted in Froude numbers as high 


as 3.65. Such areas are an artifact of the calcu- 
lation and would be removed by refining the 
mesh where very shallow flow passes over an 
isolated mesh node. 

When applying open-channel flow models, 
the bed roughness should not be used to 
account for planform resistance effects such as 
expansion and contraction and the like and 
should be related only to the local physical 
bed sediment (grain size) or bedform height. 
In this two-dimensional model application, 
roughness heights were not adjusted from the 
observed values as part of a calibration 
process. Although no further calibration was 
attempted, a test of sensitivity was per- 
formed. Two runs were performed at the high 
discharge: one for the roughness height val- 
ues set as shown in Table 1, and one with 
those values doubled. With the doubled 
roughness values the water surface elevations 
around the island were increased by about 5 
to 10 cm. The lower roughness values 
matched the measured surface better and 
were adopted for subsequent simulations. 

Additional global and local adjustment of 
the roughness height may have produced an 
even better fit to the observed conditions. 
Also, it is common to adjust the transverse 
eddy viscosity coefficient to help match 
observed velocity patterns. However, the 
quantity of velocity data collected in this case 
(necessary for the 1D study) considerably 
exceeded what is normally performed in a 
two-dimensional study. Indeed, a touted 
advantage of the 2D approach over the 1D isa 
significantly reduced requirement for field 
velocity measurements. The question of what 
subset of velocity measurements to use for 
calibration was resolved by deciding not to 
calibrate at all. As with the 1D case, this 
amounts to a severe test of the methodology. 
In practical terms, the observed errors may be 
useful in indicating an upper bound. 


COMPARISONS 


The results of the two models and the mea- 
surements for the high and low discharges are 
compared in Figures 5-8. Figures 4a and 4b 
show longitudinal profiles of bed and water 
surface along the north and south thalwegs. 
For the predicted two-dimensional values on 
these profiles, a single discharge (low = 3.7 m?/s, 
high = 23.2 m°/s) was used whereas the one- 


Pe 2h2 





dimensional results were calculated for sepa- 
rate (i.e., locally measured) discharges at each 
transect. Figures 6a, 7a, and 8a show cross- 
sectional elevations at sections 2, 4 and 6. Fig- 
ures 6b, 7b, and 8b show corresponding high 
discharge velocity profiles. Figures 6c, 7c, and 
8c show velocity profiles for the low dis- 
charge. The observed and simulated water 


Rivers * Volume7, Number 3 2000 








ry 


surface profiles for the study are shown in Both the longitudinal and transect plots 
Table 2. For these sections, both models used indicate discrepancies in the bed topogra- 
the discharges as indicated in the figure leg- _phies from the three sets of field measure- 
ends. Sections 2 and 4 are downstream of the ments. Reasons for these differences may 
island. Section 2 is a typical single channel include vertical measurement error, horizon- 
with a predominantly longitudinal flow field. tal ambiguity in transect position, interpola- 
At section 4, significant lateral flow occurs _ tion error and actual bed topography changes. 


‘and the pattern is strongly affected by dis- The absolute mean discrepancy between the 


charge. Section 6 is roughly across the middle distributed topography and the low flow 
of the island, with a significant difference in _ transect values was 0.193 m and the high dis- 
water surface elevation between the two _ charge transect values was 0.180 m. These 
channels. These three cross sections represent topographic discrepancies may account for 
the range of flow conditions occurring at this some of the observed velocity errors. 

site. 











TABLE 2 
Water surface elevations: Field, predicted, and prediction error. 
Transect Field 20 Field 1D shih) 2D 1D 2D 
Elev. Elev. Elev. Elev. Elev. Error Error Error 
High Q High Q Low QO Low QO Low Q High © LowQ LowQ 
8 99.28 99.16 99.05 98.98 98.91 -0.12 -0.08 -0.14 
Ht 99.01 99.10 98.65 98.63 98.65 0.09 -0.02 0.00 
6 98.85 98.85 98.37 98.37 98.37 0.00 -0.01 0.00 
5 98.80 98.83 98.28 98.33 98.33 0.03 0.05 0.05 
4 98.79 98.83 98.31 98.31 98.33 0.05 0.00 0.02 
3 98.79 98.82 98.28 98.30 98.34 0.04 0.02 0.06 
Dy 98.76 98.82 98.26 98.30 98.33 0.06 0.03 0.07 
i 98.59 98.61 98.19 98.21 98.20 0.02 0.02 0.01 
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The mean absolute error in water surface 
prediction over sections T2 to T7 for the one- 
dimensional model at the low flow was 0.080 
m largely due to difficulty ascending the steep 
upper portion of the north channel..Had the 
low discharge measurements been included 
in the one-dimensional calibration procedure, 
n would have been adjusted to minimize the 
absolute error for all of the observed transect- 
discharge conditions resulting in mean pre- 
diction error less than 0.080 m but mean cali- 
bration error greater than 0.01 m. For the 
two-dimensional model at the high discharge 
the error was 0.044 m. For the two-dimension 
low flow prediction, the corresponding error 
was 0.051 m. As can be observed from Table 2, 
the two-dimensional predicted water surfaces 
were generally too high. Although this may 
indicate that the roughness heights used were 
too large, it is also likely that the effective 
cross-sectional flow area was smaller due to 
the bed elevation interpolation. 

The velocity comparison plots (Figures 6b, 
7b, and 8b) show the low flow velocity distrib- 
ution obtained from using the high flow 
velocity distribution as a template for distrib- 
uting simulated velocities across the channel 
in the one-dimensional approach. . The 
absolute error in velocity prediction at the low 
flow for transects T2 to T7 is 0.196 m/s for the 
one-dimensional model and 0.172 m/s for the 
two-dimensional model. For the high’ dis- 
charge the two-dimensional model velocity 
prediction error is 0.245 m/s. There is no one- 
dimensional (IFG4) high flow velocity predic- 
tion error as the observed high discharge 
velocity distribution was used as the template 
for developing the velocity distribution n val- 
ues. 

The poor fit of IFG4 predicted velocities at 
transect 4 is due to the strong diagonal flow at 
the high discharge as the channels converge 
downstream from the island. The average 
simulated velocity is much less than the aver- 
age observed velocity. Mass balance is pre- 
served, however, because the higher simulat- 
ed velocities from positions 25 m to 37 m 
occur in a pool; thus the lower overall veloci- 
ties are offset by the higher conveyance area. 
The velocity template was developed at the 
21 m?/s discharge where the transverse flow 
was well-established. At 4 m3/s the bar repre- 
senting the downstream end of the island pre- 
sented significant resistance to transverse 
flow. The empirical velocity distribution 


established at 21 m*/s was proportionately 
replicated by the template at 4 m?/s; that is, 
one-dimensional models simply do not see 
transverse flow. The two-dimensional model, 
on the other hand, gives a good qualitative fit 
for the low discharge, albeit with velocities 
about 30% too large in the north side of the 
channel. We suspect the bed discrepancy is a 
likely cause of this difference; however, a 
more extensive topographical data set would 
be required to confirm this suspicion. The 
high flow difference is much larger, but the 
topography difference (not shown) is also 
larger. This may also have had some effect on 
the one-dimensional calibration, particularly 
on the right side of the north channel. The 
importance of good bed topography cannot 
be understated when applying a two-dimen- 
sional model. 

At transect 6 the high flow velocity tem- 

plate is clearly reflected in the low flow veloci- 
ty pattern predicted by the one-dimensional 
model. This template approach appears to 
work well in the south channel between 5 m 
and 15 m from the head pin. Due to excluding 
the low flow data from calibration, we did not 
attempt to develop a relation between total 
discharge and the percentage flow split in the 
two channels. Thus, the one-dimensional 
model was run with the same fraction of total 
discharge in the two channels as occurred at 
the calibration flow. The result shows overall 
higher velocities in the north channel between 
positions 40 m and 52 m than were measured. 
The velocity pattern in the north channel 
could be improved if the edges were treated 
differently as noted below. The two-dimen- 
sional results are also qualitatively good at the 
low discharge. As noted above, topographic 
differences probably account for most of the 
error at the high discharge. 
_ At the channel edges, one can see that the 
empirical template approach breaks down 
somewhat. The PHABSIM hydraulic pro- 
grams provide a number of empirical means 
to dea] with such edge effects. In this situa- 
tion, had the low discharge measurements 
been included in the calibration, adjustments 
to the n values used for the edge cells in IFG4 
could have yielded a closer fit of the pattern of 
simulated and observed velocities. Because 
mass balance is maintained for each cross sec- 
tion, the effect of reducing edge velocities 
would be to increase velocities at the other 
points on the cross section. 


In 


DISCUSSION AND CONCLUSIONS 


Our original purpose in this study was to 
perform a practical comparison of the accura- 
cy of the one- dimensional and two-dimen- 
sional classes of hydrodynamic models in a 
hydraulically complex section of river with 
significant habitat value. Thus, we sought an 
area where data from an existing habitat 
study was available. This data provided even 
more of a real world test of the models than 
originally envisioned. 

The data difficulties encountered in this 
study—channel change, unsteady flow, depth 
estimation noise, inundation of headpins, and 
the like—are typical of problems encountered 
in acquiring field data. The limitations 
imposed by this data and by insistence that 
one of the two sets of observations be exclud- 
ed from calibration to provide a blind com- 
parison cannot help but influence our find- 
ings. The large differences between observed 
and two-dimensional simulated velocities at 
transects 4 and 6 at the higher discharge likely 
result from two phenomena. The two-dimen- 
sional field data are relatively coarsely sam- 
pled compared to variations in the bed and 
the two-dimensional model roughness was 
not explicitly adjusted to calibrate precisely to 
observed water surface elevation. Finer sam- 
pling of the bed profile in the north channel 
and calibration adjustments of roughness 
heights in that area would likely improve the 
velocity profile fit. 

Even with the data limitations encountered, 
we conclude that where the flow is essentially 
one-dimensional, both two-dimensional and 
the existing one-dimensional procedures can 
give comparable predictions. Where the flow 
exhibits significant lateral mass transfers, 
which vary with discharge, only the two- 
dimensional model can give an accurate pre- 
diction. 

Like any empirical approach, data collected 
from a broad set of discharge conditions for 
the study stream or experience in making 
assumptions about those conditions are 
required to produce the best results with one- 
dimensional models such as those contained 
in the PHABSIM library. Thus, the quality of 
each application of these models is deter- 
mined by a combination of data availability 
and user skill. The data collection for the 
PHABSIM study was performed by a differ- 
ent group than was the two-dimensional 
topographic data collection. The different pro- 


ject purposes and the difficulty in comparing 
the skill level of team members makes it 
impossible to give an objective comparative 
estimate of the time and effort required to 


‘ apply the two types of model based on this 


experience. 

The outcome of this study begs a rigorous 
comparison of the two methods. Our attempt 
to use two different data sets collected for dif- 
ferent purposes at different times provided 
numerous lessons that are described below. To 
obtain a rigorous comparison, the data needs 
to be collected simultaneously for both model 
genres. The topographical data collected for 
the two-dimensional model should be collect- 
ed at a greater density following breaks in the 
topography, and great care needs to be taken 
in collecting velocity and water surface profile 
measurements to account for unsteady flow. 
Calibration of the two-dimensional model 
using roughness heights and possibly the 
eddy viscosity coefficient would have led to 
improved results. However, the true sources 
of error may also include coarse bed elevation 
interpolation and a coarse computational 
mesh in shallow flow areas with nearby high 
velocity flow. Lastly, rigorous comparison of 
the two methods will also depend on compa- 
rable skill of the practitioners applying each of 
the models. 


Implications for Habitat Studies 


This study is only one example, but it sug- 
gests that there are some situations where the 
flow configuration in the channel is not well 
captured by one-dimensional models; for 
example, transect 4. It also suggests that some 
situations like transect 6 can be simulated 
comparably with a one-dimensional approach 
as with a two-dimensional approach if the 
division of flow between the two channels is 
known. From a habitat simulation standpoint, 
what does this mean? 

Whether based on one-dimensional or two- 
dimensional flow models, the sensitivity of 
calculated habitat to errors in predicted depth 
and velocity ultimately depends on the form 
of the suitability criteria model used to trans- 
form hydraulic conditions into habitat values. 
From a habitat standpoint, changes in depth 


‘(resulting from water surface elevation simu- 


lation errors) of more than 5 cm may cause 
significant changes in calculated amounts of 
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usable habitat, depending on the sensitivity of 
target species’ habitat preferences to depth. 
Experience suggests that habitat outcomes are 
even more sensitive to velocity than to depth. 
Thus, the more accurately either type of 
model predicts depth and velocity the more 
accurate the habitat representation. That is, 
the quality of the flow model application may 
be as important as the form of the model. 
When critical habitat areas lie in hydraulic 
conditions that one-dimensional models do 
not handle well, such as eddies, transverse 
flow, and split flow, the two-dimensional 
approach will yield a clearly superior repre- 
sentation of the flow in those areas. Thus, with 
diverging or converging flow, eddies, inter- 
mittent backwaters, and split flows around 
islands, the ability of the two-dimensional 
models to represent conditions that the one- 
dimensional models can only "see" poorly 
represents a significant benefit in accuracy. 
However, when critical habitats lie in chan- 
nels where streamlines are generally parallel 
to the channel, the precision of velocity simu- 


_ lation may be comparable between the two 


models. In areas with generally straight or 
gradually bending single channels the one- 
dimensional approach may suffice. Data lim- 
its or operator skill may be more of a factor 
than model type in such simple situations. 

The effect of using different models on the 
final instream flow needs assessment is yet to 
be established. The next phase planned for 
this research will compare two-dimensional 
and one-dimensional approaches on a com- 
plete habitat simulation over a wide range of 
discharges. 


Lessons In Data Collection 


For the one-dimensional models, the fixed 
bed assumption imposes a major data collec- 
tion burden. The user must be confident that 
the bed has not changed significantly. Experi- 
ence accumulated at the MESC suggests that 
use of a wading rod to determine bed eleva- 
tions can introduce 3 cm or more of bed mea- 
surement error. Therefore, in a wadable river, 
it is best to measure the bed with surveying 
instruments rather than as depth readings 
from a wading rod. Not only is the assump- 
tion of a flat water surface required, the size of 
the foot on the wading rod compared to the 
point on a prism pole can introduce discrep- 


ancies between two measurements taken at 
the same location. ; 

In this study, it would have saved time to 
know the incremental rate of change of the 
unsteady flow observed. When unsteady flow 
occurs in the field, a record of the times with 
most measurements—especially the times of 
each velocity and water surface measure- 
ment—can be quite helpful in later analysis. 
Times were recorded at the beginning and end 
of each transect, but even more frequent time ~ 
records would be helpful. 

Because one can never predict discharge 
with certainty, it pays to place transect ends 
and high points defining banks higher than 
any anticipated flow. This will help avoid the 
possible introduction of error when survey 
markers, such as head pins, are inundated. 

For two-dimensional modeling, a detailed 
and accurate topographic representation is 
essential. Obtaining as many closely spaced 
topographic measurements as time and 
resources allow will undoubtedly improve the 
final quality of a two-dimensional flow simu- 
lation. Topographic features such as banks and 
bars should be delineated carefully. The linear 
sequence should be retained to aid in subse- 
quent interpolation. Generally, data collected 
in longitudinal patterns, following rough visu- 
al contour lines (breaklines), combined with 
cross-sectional data are probably the best. 
Such data can be introduced to the computa- 
tional tools used to define bed topography as 
connected breaklines and thus preserve the 
patterns found in the field. Introduction of 
additional breaklines in the subsequent inter- 
polation process appears to be essential to 
avoid introducing topographic features that 
are artifacts of the triangulation process. 
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MesoHABSIM: 


A concept Tor application of instream Tlow 
models in river restoration, planning 


‘This paper describes the methodological concept for application of physical habitat 


models to restoration planning at a whole river scale. The design proposed here builds 
upon the Instream Flow Incremental Methodology but is focused at the need for man- 
aging large-scale habitats and river systems. It modifies the data acquisition technique 
and analytical resolution of standard approaches, changing the scale of physical param- 
eters and biological response assessment from micro- to meso-scale. In terms of 
technological process, a highly detailed microhabitat survey of a few, short sampling 
sites would be replaced by mesohabitat mapping of whole-river sections. As with more 
traditional stream habitat models, the variation in the spatial distribution and amount 
of mesohabitats can provide key information on habitat quality changes corresponding 
to alterations in flow, channel changes, and stream improvement measures. However, 
the scale of simulations more closely matches restoration and system analyses, because 
it provides a solid base for quantitative assessment and simulation of habitat conditions 


for the whole stream. 


Introduction 


River restoration planning demands 
tools capable of quantifying the conse- 
quences of flow and channel modification 
at various temporal and spatial scales 
(Naiman et al. 1995). Such tools do not 
yet exist, but methods like Physical 
HABitat SIMulation model (PHABSIM) 
could fulfill this task. However, several 
issues need to be considered and resolved 
before instream habitat simulations can be 
applied for river restoration planning. 

PHABSIM was developed in the early 
1970s as a planning instrument for negoti- 
ations of in- and out-of-stream water use within the 
framework of the Instream Flow Incremental 
Methodology (Stalnaker 1995). This technique 
was originally designed for applications related to 
individual water use facilities and especially the 
definition of minimum flow requirements. PHAB- 
SIM and other related techniques use high 
precision measurements of physical conditions to 
predict flow-based alteration of habitat, together 
with habitat suitability data for fish. The underly- 
ing approach of PHABSIM is to describe these 
changes with a deterministic hydraulic model, orig- 
inally developed for flood-control engineering. The 
choice of this hydraulic technique as the backbone 
of PHABSIM has been-crucial to the entire process 
and, from a river-scale restoration perspective, a 
limitation of the model. Still commonly used, a 
one-dimensional model simplifies low-flow 
hydraulic conditions because it assumes steady, 
gradually varied, unidirectional flow (Gordon et al. 


1992). The format of the algorithm determines the 
strategy for sampling channel morphology and 
hydraulics. Stratified sampling (i-e., transects) typi- 
cally applied for this purpose is relatively crude and 
does not properly reflect the curvilinear distribu- 
tion of hydro-morphologic parameters (LeCoarer 
and Dumont 1995; Parasiewicz et al. 1999a). Lately, 
multidimensional hydraulic models have been 
introduced that incorporate more comprehensive 
sampling techniques (e.g., Alfredsen et al. 1997). 
These methods reduce inaccuracy but still do not 
resolve the problem of high sensitivity of determin- 
istic models to bed roughness, which is particularly 
critical when calculating low flows. Consequently, 
high resolutiori sampling of the bed form is the pri- 
mary requirement. In more complex systems or 
where study objectives require habitat assessment 
in larger areas, the amount of necessary effort 
makes the application of such models impractical. 
To limit the effort to a feasible level in larger 
scale applications, physical attributes used for 
model calibration are commonly measured at only 
a few short sampling sites, and model predictions 
are then extrapolated to larger segments of rivers 
and streams. Sometimes, this “representative site” 
design is supported by rapid habitat mapping to 
weight the spatial distribution of habitat features. 
Nevertheless, the accuracy of a river-wide assess- 
ment strongly declines during the extrapolation 
procedure due to variations in stream morphology 
among sampled sites (Dolloff et al. 1997), and the 
validity of habitat simulations may depend on the 
choice of sample locations (e.g., Gore and Nestler 
1988; Williams 1996). For all these reasons, physi- 


cal habitat models frequently are only marginally 
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applicable to large-scale issues and therefore inade- 
quate for system-scale, holistic management. 
Another debated aspect of common methods for 
habitat analysis is the spatial scale of thie biological 
criteria. To merge hydraulic and biological models 
into a single habitat model, the spatio-temporal res- 
olution of both must match. The observation of fish 
in microhabitats that are well within the immedi- 
ate mobility range is largely coincidental. This 
introduces an error that can be reduced in part by 
increasing sample size. In larger spatial units, where 
the animals can be surrounded and captured, the 
observations are more conclusive. We believe that 
habitat and fish measurements at larger spatial 
units would be more practical, more relevant to 
large scale. of management needs, and more con- 
ducive to habitat modeling (Hawkins et al. 1993). 
In the last few years, alternative physical habitat 
models have been introduced, improved sampling 
methods have emerged, and multidimensional 
hydraulic and ecological models have been proposed 
(Parasiewicz and Dunbar 2001). Significant effort also 
has been invested to characterize geomorphologic 
units or habitat types at scales larger than the micro 
level (e.g., Hawkins et al. 1993; Jovett 1993; Vadas and 
Orth 1998). Although numerous studies have reported 
microhabitat criteria for a wide range of species and life 
stages, some habitat investigations have pooled micro- 
habitat data to identify community-level habitat-use 
patterns. Lobb and Orth (1991) identified four key 
habitat types supporting the fish fauna of a stream. 
Aadland (1993) identified six habitat types such as 
pools and runs. Bain (1995) and Bain and Knight 
(1996) identified five key habitats that supported the 
greatest diversity and numbers of stream fishes. These 
and other studies defined meso-scale habitats by ana- 
lyzing microscale habitat-use data. Another series of 
investigations (Bain et al. 1988; Kinsolving and Bain 
1993; Travnichek et al. 1995; Bowen at al. 1998; 


Freeman et al. 2000), again using microscale measure- 


Mesohabitat type Description 


. Riffle 
streambed shape. 
Rapid 
streambed shape. 
Cascade 
Glide 
Run 
concave shaped. 
Fast run 
Pool 
streambed shape. 
Plunge pool 
Backwater 


Side arm 
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ments, identified the central role of shallow-water 
habitat in supporting stream fishes and explaining 
responses of communities to river regulation (reviewed 
in Bain and Travnichek 2000). These findings demon- 
strate that fish-habitat data at the mesoscale are 
relevant for river management, impact assessment, and 
fish conservation. Even when microscale data are col- 
lected at greater cost and difficulty, investigators and 
managers have found that results are most easily pre- 
sented and used at the mesoscale. Finally, simulation of 


stream fish habitat conditions has been accomplished - 
at the scale above the micro level (Layher and 


Brunson 1992; Lamouroux et al. 1998). 

Here, I present a new concept for handling the 
physical side of stream fish-habitat relations and a 
modeling format that will accommodate biological 
data collection at a scale that is relevant to 
management. This article describes the method- 
ological concept of a MesoHABitat SIMulation 
(MesoHABSIM) system that brings habitat simula- 
tion to a mesohabitat level by setting the precision 
of hydraulic sampling to larger units and increasing 
emphasis of system scale mapping. MesoHABSIM 
is primarily designed as a method applicable to 
streams and small rivers, although the general prin- 
ciples are also valid for larger rivers. 


The concept 


The primary objective of this concept is to pro- 
mote development and application of habitat 
assessment procedures that are capable of being incor- 
porated into large frameworks for river restoration. 
The system should adapt existing techniques to com- 
plement methods used to assess ecological integrity 
(Karr 1981; Muhar and Jungwirth 1998; Jungwirth et 
al. 2000). We use the mesohabitat approach of Bisson 
et al. (1982) in the central part of the habitat assess- 
ment procedure. Instead of intensively sampling a few 


representative sites, the survey of physical habitat 


Higher gradient reaches with faster current velocity, coarser substrate, and more surface turbulence. Convex 


Stepped rapids with very small pools behind boulders and small waterfalls. 
Moderately shallow stream channels with laminar flow, lacking pronounced turbulence. Flat streambed shape. 
Monotone stream channels with well determined thalweg. Streambed is longitudinally flat and laterally 


Uniform fast flowing stream channels. 


Deep water impounded by a channel blockage or partial channel obstruction. Slow here. Concave 


Where main flow passes over a complete channel obstruction and drops vertically to scour the streambed. 
Slack areas along channel margins, caused by eddies behind obstructions. 


Channels around the islands, smaller than half river width, frequently at different elevation than main channel. 
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Table 1: Definitions of 
defined mesohabitat 
types (modified from 
Bisson and Montgomery 
1996 and from Dolloff et 
al. 1993) - 


Shallow stream reaches with moderate current velocity, some surface turbulence and higher gradient. Convex 
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Figure 1. Survey 
equipment used for 
habitat mapping 
consisting of GAC field 
computer (in the belt), 
touch pen screen, laser 
range finder, and real 
time. The actual position, 
together with distant .. 
locations measured with 
range finder are plotted 
on uploaded aerial 
photograph on the 
screen, in the hand of 
Partick Lathion trom Geo- 
Astor AG. 





should determine the spatial extent of mesohabitats 
in the study area under multiple flow conditions. . 

As described by Hildebrand et al. (1999), habitat 
sequences often change with discharge level. It is 
broadly accepted that as flow rises, the distribution of 
hydro-morphological units will change from riffle- 
pool towards homogenous run-type habitat (Dunne 
and Leopold 1978). Hence, the standard hydraulic 
model can be substituted by quantification of 
changes in distribution of hydro-morphological 
units. 

For mesohabitat classification, we propose the 
following hierarchical approach. The reach clas- 
sification system (Montgomery and_ Buffington 
1893; Arend 1999) is refined to identify high-, 
moderate-, and low-gradient sub-reaches. 
Within this framework, the modified and com- 
bined systems of Bisson and Montgomery (1996) 
and Dolloff et al. (1993) can be applied. The 
hydro-morphological units defined in Table 1 
describe ‘spatial arrangement of hydraulic 
attributes (otherwise determined with tran- 
sects). This element combined with general 
notion of magnitude of depth and velocity, and 
presence of cover parameters, defines mesohabi- 
tat type. The number of possible combinations is 
large and there might be many more mesohabitat 
types than hydro-morphological units. Their 
identification is inconsequential because 
species-specific habitat suitability is the only 
matter that counts in modeling. 

In wadable streams, the spatial extent of indi- 
vidual mesohabitats can be estimated during “river 


hike,” using a combination of aerial photographs, 
a laser range finder, and a field computer. In addi- 
tion to describing the size and type each 
hydro-morphological unit, the extent of cover 
such as shading, shoreline sinupsity (a function of 
shore line and river length), and shallow margins 
are‘estimated. Random sampling techniques. can 
be applied to obtain the key hydraulic characteris- 
tics of the unit. The quantitative distribution of 
depth, mean column velocity, bottom velocity, 
and substrate together with secondary attributes 
like maximum, mean, variance, and Froude num- 
ber are then used to describe mesohabitats. 

Mesohabitat-level biological criteria, even for 
whole communities, can be relatively easily 
defined with standard methods (Lobb and Orth 
1991; Aadland 1993: Freeman et al. 2000). 
Multivariate statistics and ecological metrics can 
be used for habitat quality assessment. Logistic 
regression is a very powerful tool for this purpose 
(Guay et al. 1999, Parasiewicz et al. 1999a,b). 
Established criteria used to describe the suitability 
of each combination of physical attributes for indi- 
vidual species or whole communities and can be 
expressed in various forms. The probability of fish 
presence can be computed trom regression equa- 
tions. The quality of a section or reach of river can 
be defined by quantifying habitat areas with proba- 
bilities higher than 50% at difterent flows. Another 
possibility is the use of a normalized suitability 
index as in PHABSIM. The areas of various meso- 
habitats occurring at measured tlow conditions are 
weighted by the summarized over 
selected segments or the whole study site. Yet 
another possibility is the use of landscape metrics 
like heterogeneity, patchiness, etc. (as in McGarigal 
and Marks 1995; McGarigal and McComb1995, 
1995). Habitat rating curves for specified units can 
be constructed by plotting suitable habitat area or 
weighted usable area, or landscape metrics against 
discharge. This part of the procedure differs from 
PHABSIM because curves are estab- 
lished for the whole studv area. 

Biological response to individual restoration 
measures will be simulated by manipulating the 
quantity or quality of mesohabitats and temporal or 
spatial variation of flow. Habitat time-series analy- 
ses can be applied to the whole river or selected 
sections. Restoration scenarios can be simulated to 
predict the influence of dam removals, enhanced 
flow regimes, and channel reconstruction on 
sequences of mesohabitat types and also overall 
stream habitat quality. 


index and 


the rating 


Example of application 


The biggest uncertainty associated with this 
concept is the feasibility and adequacy of data sam- 
pling procedure. The previously described method 
was applied during a river restoration study on the 
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Quinebaug River, MA and CT. The validity of the 
assumptions was proved in many cases, and prelim- 
inary results are presented to verify the concept 
discussed above. 

The Quinebaug River is a fourth order river with 
multiple impoundments and a history of industrial 
use. The river is highly heterogeneous with con- 
trasting gradient and flow conditions. In general, 
the river is difficult to wade due to cobble, woody 
debris, and dark “marshy” water. 

During the MesoHABSIM survey conducted in 
summer and fall 2000, 38 km of the river were 
mapped at low flow with equipment provided by 
GeoAstor AG (Figure 1). On average, a three person 
team covered one km per day. After the first survey, 
the river was delineated into 11 contiguous sections 
based upon macro scale characteristics (gradient, 
flow, dominant substrate, cover, etc.). Sensitivity 
analysis of quantitative distribution of hydro-mor- 
phological units was used to identify the shortest 
representative sites for each section. The sites (com- 
bined length—9.2 km) were then surveyed at three 
different flow releases (0.6 m/s, 1.1 m/?/s, and 
2.0 m’/s—regulated at the uppermost dam) (example 
in Figure 2). 

Biological criteria were established with the pre- 





Figure 2. Spatial distribution of hydro-morphological units measured in 
site 4 of the Quinebaug river during 0.6 m/s (top), 1.1 m/s (middle) 


and 2 m/s (bottom) release from East Brimfield Lake. 








exposed electro-grids technique described by Bain et 
al. (1985). In 15 days, nearly 1,800 fish from 17 
species were captured at 468 selected mesohabitats. 
Physical attributes (hydro-morphological unit, cover, 
and hydraulics) were recorded for each sample. Cross 
correlation analysis was used to exclude highly corre- 
lated parameters and we used stepwise forward logistic 
regression to identify suitable habitat. Initially, regres- 
sion analysis was completed for two contrasting 
species: bluegill (Leptomis macrochirus)—a generalist, 
and fallfish (Semotilus corporalis)—a fluvial specialist. 
The models had high predictive value (>75%) and 
accurately reflected known biological behavior of 
these species (Table 3). Bain and Meixler (2000) 
defined five species (fallfish, common shiner Luxilus 
cornutus, white sucker Catostomus commersoni, long- 
nose dace Rhininchtys cataractae, and blacknose dace 
Rhininchtys atratulus) that dominated the target com- 
munity, and these species were analyzed next. The 
regression equations were then used to determine the 


probability of fish presence in mesohabitats mapped 


during the survey of representative sites (Figure 3). 
The proportion of wetted area with fish-presence 
probabilities higher than 50% was summarized and 
plotted against flow during sampling. The curve-fitted 
rating curves are assumed to be valid not only for the 


Site4 
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Figure 3. The spatial distribution of habitat suitable for selected 
community indicating number of supported species. 
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Table 2: Physical attributes used to establish logistic regression with fish absence and presence. 


Categories of Hydro-morphological units (yes/no) (see table 1) 


Cover sources (no/some/much) 


Choriotop (% of random samples) 


Undercut*bank, woody debris, overhanging vegetation, 
submerged vegetation, boulder, riprap, canopy cover 
shading, shallow margin 


Pelal, psamal, akal, micro-lithal, meso-lithal, macro-lithal, 


mega-lithal, phytal, xylal, sapropel, detritus (for exact 
definitions see Austrian Standard ON6232) 


Depth (% of random samples) 


6 classes in 25 cm increments 


(range 0-125 cm and above) 


Mean column velocity (% of random samples) 


8 classes In 15 cm/s increments 


(range 0-105 cm/s and above) 


Froude number 


representative sites but for the entire sections. The 
ratio of representative length to section length was 
used as a weighting factor for each rating curve con- 
structing a composite rating curve for the whole 38 km 


long study site (Figure 4). This provided the assessment 


tool for simulation of various management options 
such as temporal and spatial manipulation of flows as 
well as improvements of the riverbed structure. 

This study is beginning a second year of data 
collection and detailed results will be published in 
the future. Nevertheless, preliminary results 
definitively prove the feasibility of the concept. 


Conclusions and discussion 


We have developed a theoretical concept of 
modeling a river system using physical habitat sim- 
ulation such as PHABSIM performed at a 
mesoscale of resolution. This system enhances a 
widely recognized technique, emphasizes biological 
requirements for modeling, and includes large scale 
spatial coverage. It permits quantitative evaluation 
of management scenarios from the perspective of 
the aquatic community in the entire river. 

The possibility of cross scale analysis that closes the 
gap between macro- and micro-scale approaches is 





Table 3: The results of regression calculation for bluegill and fallfish. The table shows 
significant habitat attributes and their beta coefficients. Positive numbers indicate 
positive reaction and vice versa. 


10 


Bluegill 


Attribute 
Velocity 15-30 m?/s 


Shading 

Glide 

Velocity 30-45 m?/s 
Submerged vegetation 


Fallfish 


Attribute 

Boulder 

Shading 

Depth 0-25 m3 
Velocity 45-60 m?/s 
Run 





Average 





among the greatest benefit of this approach. In the 
long run it could provide a way to quantify specific bio- 
logical response to changes of macro-habitat attributes, 
for example by coupling indicators of hydrological 
alteration (Richter et al. 1997) with habitat. 

It needs to be emphasized that application of 
MesoHABSIM is not limited to minimum flow stud- 
ies, but also allows for predictive assessment of wide 
range of restoration measures including channel 
improvements and dam removals. For example, the 
replacement of the impounded section in the model 


with the expected habitat mosaic will change the 


shape of the habitat-flow rating curve and allow for 
conclusions about ecological benefits prior to demol- 
ishing the dam. 


The procedural benefits 


Mesohabitat scale precision is more efficient for 
sampling biological data. Species can be captured 
within the range of their diurnal mobility, thereby 
reducing bias introduced by temporal and behay- 
ioral aspects. For the same reason, the method is 
better for evaluation. The criteria can be estab- 
lished for individual species as well as for whole 
communities. Quantitative assessment of predic- 
tion validity is an important instrument in adaptive 
management practice: 

The process of generalizing the results from rep- 
resentative sites to the whole study area is 
supported by quantitative analysis of habitat distri- 
bution. This increases the accuracy of overall 
assessment due to the reduction of “second-stage 
sampling error” (i.e., error among the sampling 
sites, Hankin 1984) and provides sound input for 
larger scale GIS analysis. This opens new analytical 
possibilities for combining spatial and ecological 
metrics with biological response. 

The example showed that the technique is effec- 
tive and provides reasonable results. Within observed 
flow range, the sensitivity of mesohabitat distribution 
to flow alteration was greater than expected. 
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Release at East Brimfield dam (m°s") 





Interestingly, we observed more change in the types _ Figure 5. Quantitative distribution of hydro-morphologica! units at three investigated 

of mesohabitats than of their wetted area (see Figure flow releases. The upper graph shows the chanaes in tne unit numbers and lower in 

2). Another observation indicated that the number of Unit areas. : i 
hydro-morpholocial units declined (from 276 to 262 
to 227) and the areas of run-type habitat increased as 
flow increased (Figure 5). This observation supports 
the previously stated expectation that habitat distri- 
bution is more uniform and should eventually tum 
into one dominated by fast runs at higher flows. 

This result (also confirmed on two streams in the 
Catskill Mountains in New York State) suggests that 
the ‘sampling technique could be simplified. For 
example, the initial mapping of the river that helps 
to select representative sites could be reduced to 
habitat counts only. Furthermore, at high flows map- 
ping could be condensed to relatively crude estimates 
of habitat areas. The character of fast flowing runs 
that are frequent during higher flows is relatively uni- 
form and for many species beyond the range of 
utilization. Detailed sampling might not be necessary 
to define the habitat suitability of these units. The 
hydraulic models can be also applied more effectively 
for high flows because fewer cross sections are needed 
to provide an accurate model. The remaining refuge 
areas should be much easier to sample. 

-The high flow technique has not been tested 
yet and the present model has proved valid only 
for relatively small streams at low flow conditicns. 
Nevertheless, the potential for model extension to 1 
the different situations exists and is competitive Flow release at East Brimfield dam (m*s”) 
with other existing approaches. Bsidearm backwater pool Zpool plunge Grun 

Q fast run B glide arffte rapid t§ cascade 


Number of hydro-morphologic 


8 
oe) 
Z: 
— 
a 
= 
= 
vo 
=) 
2 
° 
ac 
= 
— 
) 
a 
; 
° 
— 
= 
on 
— 
S 
rs) 
® 
-— 
zt 





September 2001 | www.fisheries.org | Fisheries 1 





Acknowledgements 


The initial concept for this work was developed while con- 
ducting the research for New York Cooperative Fish and Wildlife 
Research Unit with additional support from D. H. Smith 
Fellowship Program and The Freshwater Initiative of The Nature 
Conservancy. The application is being developed within a river 
restoration project (Quinebaug River, MA and CT) with the 
guidance and support of the following organizations: Millennium 
Power Project, Environmental Partners Group, US Army Corps 


of Engineers New England District, US Environmental 


Protection Agency New England Region, Massachusetts 


Division of Fisheries and Wildlife, US Fish and Wildlife Service 
Northeast Region, Connecticut Department of Environmental 
Protection, Massachusetts Department of Environmental 
Protection. Jason Law, Brian Kelder, Sean Mackay, David Owen, 
Steve Sebestyen, Jill Stainkamp, Chris and Mike Solomon, and 
Heather Vandet Ploeg helped in fieldwork and data analysis. I 
want to thank Mark Bain, Barry Baldigo, Richard Jacobson, Zack 
Bowen, and Keri Bovee for friendly review of this paper. Funding 
for this work is from a grant from the New England Interstate 
Water Pollution Control Commission, with additional support 
from The Nature Conservancy and the New York State Water 
Resources Institute. 





References 


Aadland, L. P. 1993. Stream habitat types: their fish assemblages 
and relationship to flow. North American Journal of Fisheries 
Management 13:790-806. 

Alfredsen, K., W. Marchand, T. H. Bakken, and A. Harby. 
1997. Application and comparison of computer models 
quantifying impacts of river regulation on fish habitat. In 
Broch, E., D.K. Lysne, N. Flatabo, and E. Helland-Hansen, 
eds. Proceedings of the 3rd international conference 
hydropower ’°97—Trondheim/Norway 30 June—2 July 1997. 
A.A. Balkema Publishers, Rotterdam/Brookfield. 

Arend, K. 1999. Classification of streams and reaches. Pages 57- 
74 in M. B. Bain and N. Stevenson, eds. Aquatic habitat 
assessment: common methods. American Fisheries Society, 
Bethesda, Maryland. 

Bain, M. B. 1995. Habitat at the local scale: multivariate 
patterns for stream fishes. Bulletin Frangais de la Péche et la 
Pisciculture 337/338/339:165-177. 

Bain, M. B., J. T. Finn, and H. E. Booke. 1985. A quantitative 
method for sampling riverine microhabitats by electrofishing. 
North American Journal of Fisheries Management 5:489-493. 

1988. Streamflow regulation and fish community 
structure. Ecology 69:382-392. 

Bain, M. B. and J. G. Knight. 1996. Classifying stream habitat 
using fish community analysis. Pages 107-117 in M. Leclerc, 
H. Capra, S. Valentin, A. Boudreault, and Y. Cété, eds. 
Proceedings of the second IAHR symposium on habitat 
hydraulics, Ecohydraulics 2000. Institute National de la 
Recherche Scientifique—Eau, Ste-Foy, Quebec, Canada. 

Bain, M.B., and M. Meixler 2000. Defining a target fish 


community for planning and evaluating enhancement on the . 


Quinebaug River in Massachusetts and Connecticut. Report 
for Quinebaug River study agencies. Cornell University, 
Ithaca, New York. 

Bain, M. B., and V. T. Travnichek. 2000. Assessing impacts and 
predicting restoration benefits of flow alterations in rivers 
developed for hydroelectric power production. Pages B543- 
B552 in M. Leclerc, H. Capra, S. Valentin, A. Boudreault, and 
Y. Cété, eds. Proceedings of the second IAHR symposium on 
habitat hydraulics, Ecohydraulics 2000. Institute National de 
la Recherche Scientifique—Eau, Ste-Foy, Quebec, Canada. 

Bisson, P .A., and D. R. Montgomery. 1996. Valley segments, 
stream reaches, and channel units. Pages 23-42 in Hauer, R. F. 
And G.A. Lambert, eds. Methods in stream ecology. 
Academic Press, San Diego, California. 


Bisson, P. A., J. I. Nielsen, R. A. Palmason, and L. E. Grove. 
1982. A system of naming habitat types in small streams, with 
examples of habitat utilization by salmonids during low 
streamflow. Pages 62-73 in N. B. Armantrout, ed. Acquisition 
and utilization of aquatic habitat inventory information. 
American Fisheries Society, Western Division, Bethesda, 
Maryland. 

Bowen, Z. H., M. C. Freeman, and K, D. Bovee. 1998. 
Evaluation of generalized habitat criteria for assessing impacts 
of altered flow regimes on warmwater fishes. Transactions of 
the American Fisheries Society 127:455-468. 

Dolloff, C..A., D. G. Hankin, and G. H. Reeves. 1993. 
Basinwide estimation of habitat and fish populations in 
streams. U.S. Forest Service General Technical Breer SE-83, 
Blacksburg, Virginia. 

Dolloff, C. A., H. E. Jennings, and M. Owen. 1997. A 
comparison of basinwide and representative reach habitat 
survey techniques in three southern Appalachian watersheds. 
North American Journal of Fishery Management. 17:339-347. 

Dunne, T., and L. B. Leopold. 1978. Water in environmental 
planning. W.H. Freeman and Company, New York. 

Freeman, M. C., Z. H. Bowen, K. D. Bovee, and E. R. Irwin. 
2000. Flow and habitat effects on juvenile fish abundance in 
natural and altered flow regimes. Ecological Applications 11 
(1):179-190. 

Gordon, N. E., T. A. McMahon, and B. L. Finlayson. 1992. 
Stream hydrology: an introduction for ecologists. John Wiley 
and Sons, New_York. 

Gore, J., and J. Nestler. 1988. Instream flow studies in 
perspective. Regulated Rivers 2:93-101. 

Guay, J. C., D. Boisclair, D. Rioux, M. LeClerc, M. Lapointe 
and P. Legendre 1999. Validation of numerical habitat model 
for juveniles of Atlantic salmon (Salmo salar). In T. B. Hardy, 
ed. Proceedings of 3rd international 
ecohydraulics. Utah State University, Logan. 

Hankin, D. G. 1984. A multistage sampling designs in fisheries: 
applications in small streams. Canadian Journal of Fisheries 
and Aquatic Sciences 41:1575-1591. 

Hawkins, C. P., and 11 co-authors. 1993. A hierarchical 
approach to classifying stream habitat features. Fisheries 
18(6):3-10. 

Hildebrand, R. H., A. D. Lemly and C. A. Dolloff. 1999. 
Habitat sequencing and the importance of discharge in 
inferences. North American Journal of Fishery Management 
19:198-202. 

Jovett, I. G. 1993. A method for objectively identifying pool, 
run, and riffle habitats from physical measurements. New 


symposium on 


Fisheries | www.fisheries.org | vol 26 no 9 








Zealand Journal of Marine and Freshwater Research 


27:241-248. 

Jungwirth, M., S. Muhar, and S. Schmutz (eds). 2000. Assessing 
the ecological integrity of running waters. Kluwer Academic 
Publishers, Dordrecht. 

Karr, J. R. 1981. Assessment of biotic integrity using fish 
communities. Fisheries 6(6):21—27. 

Kinsolving, A. D., and M. B. Bain. 1993. Fish assemblage 
recovery along a riverine disturbance gradient. Ecological 
Applications 3:531-544. 

Lamouroux, N., H. Capra, and M. Pouilly.1998. Predicting 
habitat suitability for lotic fish: linking statistical hydraulic 
models with multivariate habitat use models. Regulated Rivers 
14:1-11. 

Layher, W. G., and K. L. Brunson. 1992. A modification of the 
habitat evaluation procedure for determining instream flow 
requirements in warmwater streams. North American Journal 
of Fishery Management 12:47-54 

Le Coarer, Y., and B. Dumont 1995. Modélisation de la 
morhodynaique fluviale pour la recherch des relations 
habitat/faune aquatique. Coloque ”Habitat-Poissons” Bulletin 
Francais de la Péche et de la Pisciculture 337/338/339:309- 
316. 

Lobb, M. D., and D. J. Orth. 1991. Habitat use by an assemblage 
of fish in a large warmwater stream. Transactions of the 
American Fisheries Society 120:65-78. 

McGarigal, K., and B. J. Marks. 1995. FRAGSTATS: spatial 
pattern analysis program for quantifying landscape structure. 
USDA Forest Service General Technical Report PNW-351, 
Corvallis, Oregon. : 

McGarigal, K., and W. C. McComb. 1995. Relationships 
between landscape structure and breeding birds in the Oregon 
Coast Range. Ecological Monographs 65:235-260. 

Montgomery, D. R., and J. M. Buffington. 1983. Channel 
classification, prediction of channel response, and assessment 
of channel condition. Rep. FW-SH10-93-002, University of 


Washington, Department of Geological Sciences and 


September 2001 | www.fisheries.org | Fisheries 





Quaternary Research Center, Seattle, Washington. 

Muhar, S., and M. Jungwirth. 1998. Habitat integrity of running 
waters—assessment criteria and their biological relevance 
Hydrobiologia 386:195-202. 

Naiman, R. J., J. J. Magnuson, D. M. McKnight, and J. A. 
Standford (eds). 1995. The freshwater imperative: a research 
agenda. Island Press, Washington, DC. 

Parasiewicz, P., and M. J. Dunbar. 2001. Physical habitat 
modelling for fish—a developing approach. Archiv fur 
Hydrobiologie Supplement. 135/2-4:1-30. 

Parasiewicz, P., M. Mattl, and K. Moder. 1999 a. A study of 
effectiveness of alternative physical habitat sampling strategies 
in streams. In T.B. Hardy, ed. Proceedings of 3rd international 
symposium on ecohydraulics. Utah State University, Logan. 

Parasiewicz, P., S. Schmutz, and A. Melcher. 1999 b. A hybrid 
model—assessment of habitat conditions combining state of 
the art modeling tools. In T.B. Hardy, ed. Proceedings of 3rd 
international symposium on ecohydraulics. Utah State 
University, Logan. 

Richter, B. D., J. V. Baumgartner, R. Wigington, and D. P. 
Braun.1997. How much water does a river need? Freshwater 
Biology 37(1):231-249. 

Stalnaker, C. 1995. The instream flow incremental methodology: 
a primer for IFIM. National Ecology Research Centre, Internal 
Publication. U.S. Department of the Interidér, National 
Biological Service, Fort Collins, Colorado. 

Travnichek, V. H., M. B. Bain, and M. J. Maceina. 1995. 
Recovery of a warmwater fish assemblage after the initiation of 
a minimum-flow release downstream from a hydroelectric dam. 
Transactions of the American Fisheries Society 124:836-844. @ 

Williams, J. G. 1996. Lost in space: confidence interval for 
idealized PHABSIM studies. Transactions of the American 
Fisheries Society 125:458-465. 

Vadas, R. L., and D. J. Orth. 1998. Use of physical variables to 
discriminate visually determined mesohabitat types in North 
American streams. Rivers 6:143-159. 





“les: 











Extended Abstract 
7th Federal Interagency Sedimentation Conference, March 25-29, 2001, Reno, Nevada 


FLOW REGIMES NEEDED TO MAINTAIN CHANNELS 
IN GRAVEL-BED RIVERS 


Larry J. Schmidt, Program Manager, USDA Forest Service, Rocky Mountain 
Research Station, Stream Systems Technology Center, Fort Collins, CO 
John P. Potyondy, Hydrologist, USDA Forest Service, Rocky Mountain Research 
Station, Stream Systems Technology Center, Fort Collins, CO 


Abstract: A range of moderate to high flows that occur less than 10 percent of the year can 
effectively maintain the physical features of gravel-bed channels. The typical channel 
maintenance hydrograph includes a range of discharges making up a portion of the rising and 
falling limbs of the annual hydrograph. Conceptually, the required maintenance flow regime 
begins at a discharge at which hydraulically limited gravels begin to move and includes all flows 
up to and including the instantaneous 25-year flow. Flows are needed for the duration during 
which they naturally occur. Flow years that fail to attain the threshold for hydraulically limited 
gravels are unnecessary for channel maintenance. 


INTRODUCTION 


Natural self-maintaining channels are a desirable feature of streams on the National Forest. In 
order to fulfill the primary National Forest purpose of "securing favorable conditions of water 
flows," the Forest Service seeks to establish non-consumptive channel maintenance instream 
flows. These flows, coupled with proper management of upland watersheds, will provide 
favorable conditions of water flows as intended by the Organic Act of 1897. After serving 
public needs on the National Forest, all this streamflow becomes available to downstream users 
under state law to meet designated beneficial uses. 


The Forest Service must retain essential instream flows that convey sediment because future 
offstream uses such as irrigation, municipal water supplies, or other legitimate uses may deplete 
these flows. When essential instream flow is removed, sediment accumulates in the channel 
because the reduced flows cannot transport the sediment load received. The channel responds by 
altering its size, morphology, meander pattern, rate of migration, stream-bed elevation, bed- 
material composition, floodplain morphology, and/or streamside vegetation. These channel 
alterations are frequently detrimental to favorable flow and sediment conveyance. The channel 
adjustment and vegetation ingrowth can constrict the channel, resulting in more frequent 
inundation of the floodplain by high flows. 


SUMMARY OF SCIENTIFIC BASIS 
In developing this channel maintenance approach, we have applied current scientific knowledge 


and will continue to refine our approach as knowledge about flows and their relationship to 
ecosystems improve. 
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ha 
Sediment and vegetation have separate and combined influences on channel maintenance @ 
processes. The proposed approach has two major components: A bedload sediment transport , 
component, and a streamside vegetation flow component. 


The sediment transport component is required for every channel maintenance flow evaluation 
and is discussed here. The sediment transport component is primarily designed to move the 
required amount and sizes of sediment necessary to maintain channel capacity. Because these 
flows exceed bankfull stage, they may also scour vegetation from within the channel and 
periodically inundate portions of the floodplain thereby recharging aquifers and providing the 
disturbance required to sustain beneficial streamside vegetation. Generally, in temperate 
mountainous environments, where water accumulates at the base of slopes, the sediment 
transport component satisfies the vegetation regeneration and maintenance needs of streamside 
and floodplain vegetation. 


The following figure illustrates the general model. The model requires streamflow and bedload 
transport data. The required instream flows begin with the initiation of Phase 2 bedload 
transport (Jackson and Beschta, 1982) up to the 25-year flow. A variety of techniques may be 
used to identify the beginning of Phase 2 transport including measured bedload samples, in- 
channel sediment traps, or analysis of bed material composition. 


A General Model of Sediment Transport Processes for @ 
Channel Maintenance in. Gravel-Bed Rivers m 
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TYPICAL CHANNEL MAINTENANCE HYDROGRAPHS 


The typical channel maintenance hydrograph includes a range of discharges making up a portion 
of the rising and falling limbs of the annual hydrograph. The instream flow hydrograph is 
initiated during the rising limb at a lower discharge (Qurigger) and proceeds upward to an upper 
limit (Qcap). The channel maintenance instream flow claim includes all flows greater than or 
equal to Quigger and less than or equal to Qcap. This range of flows includes bankfull discharge 
and effective discharge (Wolman and Miller, 1960). Conceptually, the required maintenance 
flow regime begins at a discharge at which hydraulically limited gravels begin to move (Phase 2 
transport) and includes all flows up to and including the instantaneous 25-year flow (Qeap). This 
range of flows is adequate to move all bedload sediment, scour vegetation, partially inundate the 
floodplain, and sustain streamside vegetation. 


Flows are claimed for the duration during which they naturally occur. Generally, channel 
maintaining flows for a supply-limited gravel-bed river begin at flows ranging between 1/2 
bankfull and bankfull. Bankfull often is approximated as the 1.5 to 2-year recurrence interval 
flow. The following figures provide one example that demonstrates typical bedload sediment 
transport component channel maintenance hydrographs for median (50% exceedence), above 
average (20% exceedence), and below average (80% exceedence) years. 


The figures illustrate that the volume of water required for channel maintenance is highly 
variable from year to year, averaging about 30 to 40 percent of the annual flow volume. Since 
channel-maintaining flows rely on flow near and above bankfull, a high percentage of channel 
maintenance water needs are satisfied during wet years. During many low flow years, little to no 
water is required for channel maintenance. 
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Typical Median Year Channel Maintenance Instream Flow 
(Water Year 1962 - Flow Exceeded 50% of Years) 
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Typical Above Average Channel Maintenance Instream Flow 
(Water Year 1971 - Flows Exceeded 20% of Years) 
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Ecosystem Restoration: 
A. Case Study in the Owens River Gorge, California 


By Mark T. Hill and William S. Platts 
ABSTRACT 


In 1991 the Los Angeles Department of Water and Power, in cooperation with Mono _ 
County, California, initiated a multiyear effort to restore the Owens River Gorge. The pro- 
ject aims to return the river channel, dewatered for more than 50 years, toa functional 
riverine-riparian ecosystem capable of supporting healthy brown trout and wildlife pop- 
ulations. The passive, or natural, restoration approach focused on the development of 
riparian habitat and channel complexity using incremental increases in pulse (freshet) 
and base flows. Increasing pulse and base flows resulted in establishment and rapid 
growth of riparian vegetation on all landforms, and the formation of good-quality micro- 
habitat features (pools, runs, depth, and wetted width). An extremely complex, produc- 
tive habitat now occupies the bottom lands of the Owens River Gorge. A healthy fishery 
in good condition has quickly developed in response to habitat improvement. Brown 
trout numbers have increased each year since initial stocking, 40% between 1996 and 
1997. Catch rates increased from 0 fish/hr in 1991 to 5.8-7.1 fish/hr (with a maximum 
catch rate of 15.7 fish/hr) in 1996. Restoring the Owens River Gorge bridges the theoreti- 
cal concepts developed by Kauffman et al. (1997) and the practical application of those 


concepts in a real-time restoration project. 


he purpose of restoration is to shift ecosys- 
= tems from a dysfunctional state to a func- 
tional state. A functional ecosystem exhibits 
self-sustaining natural processes and link- 
ages among terrestrial, riparian, and aquatic compo- 
nents (Kauffman et al. 1997). In watershed-level eco- 


- systems the riverine-riparian component plays a 


primary role by linking with terrestrial components to 
sustain total biodiversity, natural processes, and the 
movement of energy within and among watersheds 
(Stanford and Ward 1992). The lifeblood of the riverine- 
riparian system is the timing, quantity, and quality of 


riparian habitat, fisheries and wildlife resources, and 
the way energy is transported among ecological com- 
ponents (Hill et al. 1991; Beschta 1997; Poff et al. 1997). 
Restoring rivers is a linear process; riparian habitat 
strongly influences geomorphic processes and must 
develop ahead of in-channel habitat to maximize com- 
plexity and sustain habitat. The development Of ripari- 
an systems is part of a directional sequence known as 


the reversible process concept (Amoros et al. 1987), within 


which the directional sequences are rejuvenated by ero- 
sion, deposition, and flood disturbance. 





Mark T, Hill is a fisheries scientist and director of Eco- 
system Sciences, P.O. Box 16444, Boise, ID 83715, 208/383- 
0226; m.hill@ibm.net. William S. Platts is a fisheries sci- 
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Kauffman et al. (1997), in an overview of ecosystem ° 
restoration in the western United States, identify two 
primary causes of ecosystem dysfunction: land and 
water use practices. Watersheds affected by land use 
practices are those in which grazing and logging activi- 
ties aré improperly managed, while poor water use 


- practices include stream diversion and flood control 


actions that degrade aquatic habitat. Kauffman et al. 
(1997) also identify several management strategies that 
correct degradation caused by land and water use activ- 
ities but do not necessarily qualify as ecological restora- 


tion (i.e, preservation, creation, reclamation, rehabilita- 
flowing water, which influences quantity and quality of 


tion, replacement, mitigation, and enhancement). | 
This paper presents a case study of riparian and 
stream restoration in the Owens River gorge that applies 
many of the concepts and approaches Kauffman et al. 
(1997) suggest. This empirical study shows that restora- 
tion can include most of the management strategies 
they identified. Our approach to restoring the gorge 
has used multiple flow regimes that are both passive (or 
natural) and active interventions (Kauffman et al. 1997). 
During these initial years of restoration, incremental 
changes in annual pulse and base flows were used to 
establish riparian vegetation on landforms and develop 
complex habitat. This was the active phase of restora- 
tion and required manipulation of discharge from. year 
to year. The passive restoration phase arrives when the 
river reaches functionality; final instream flows will then 
be established that sustain ecological processes. This 
passive phase also might be described as a preservation 
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management strategy since the ecosystem would be 
intact and no additional diversion or dewatering 
would be allowed. 

Restoration of the Owens River gorge has included 
management strategies that create additional wetlands, 
reclaim self-sustaining habitat to benefit endemic fish 
species, rehabilitate lost riverine-riparian vegetation 
types, replace native fish species with an exotic target 
species, enhance wetland habitat with the use of an his- 
toric stream barrier, and mitigate for hydropower gener- 
ation. The associated study provides a bridge between 
theoretical concepts developed by Kauffman et al. 
(1997) and practical application of these concepts in a 
real-time restoration project. _ 


Pre-restoration conditions 
in the Owens River Gorge 


The Los Angeles Department of Water and Power, in 
cooperation with Mono County, is restoring the river- 
ine-riparian ecosystem in the Owens River ¢ gorge, Cali- 
fornia (Figure 1). The river is bounded by Crowley 
Reservoir upstream and Pleasant Valley Reservoir 
downstream. The lower 16 km of the Owens River 
gorge (from the Upper Gorge power plant to the Con- 
trol Gorge power plant) has been dewatered for hydro- 
electric purposes from 1953 to 1991, resulting in a dry 
river channel devoid of riparian vegetation and fish. 

The Owens River gorge lies in a high desert plateau 
between the eastern Sierra Nevada Mountains to the 
west and the White Mountains to the east (Figure 1). 
The narrow, notched canyon has nearly vertical side 
walls averaging 240 meters high. Crowley Reservoir 
blocks sediment and gravel recruitment; colluvial in- 
puts associated with infrequent landslides are the only 
source of new sediment material. The valley bottom is 
narrow in most places (<50 m) and widest (> 1,000 m) 
at the lower end, which is above the Control Gorge power 
plant. Gradient through the gorge averages 10 m/km. 
Because of its proximity to two mountain ranges, his- 
toric freshet flows in the gorge were extremely high 
and sudden. Historic flows have varied from more 
than 85 m°/s in the spring to less than 5 m3/s by late 
summer. Historic flows have created four principle 
landforms in the Owens River gorge: (1) terraces sever- 
al meters above the streambed; (2) levees or incised 
streambanks; (3) floodplains adjacent to the channel; 
and (4) the channel itself. 

A barrier placed in the river in the early 1950s just 
above the Control Gorge power plant to prevent fish 
migration from Pleasant Valley Reservoir into the fluc- 
tuating backwater areas also checks sediment move- 
ment and pooled flow from seeps and springs; this has 
resulted in a remnant wetland present throughout the 
half-century of dewatering. 

Land uses that preceded water diversion for hydro- 
power have included intensive mining, wood cutting, 
and livestock grazing. Early land use practices caused 
severe impacts to riparian vegetation and streambanks. 
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Prior to dewatering, the central feature of the Owens 
River gorge ecosystem was the riverine-riparian sys- 
tem. The riparian zone was dominated by willows 
(Salix spp.) and, to a lesser extent, by cottonwood (Pop- 
ulus spp.) and associated tules (Scirpus spp. and Typha 
latifolia). The remnant wetland was the key habitat feature 
that supported most of the biodiversity in the gorge. Small 
galleries of cottonwood and tree willow were maintained . 
in the seepage downstream of the three power plants 
and in the remnant wetland during the years of dewa- 
tering. These small remnant populations of cottonwood 
and willow provided the seed source for restoration. 

Endemic fish species in the gorge have included 
endangered Owens tui chub (Gila bicolor snyderi) and 
the Owens speckled dace (Rhinichthys osculus ssp.), a 
candidate for threatened or endangered species listing 
under the Endangered Species Act; both species still 
occur in the river, primarily in the wetlands at the 
lower end of the gorge and in the reach designated as 
critical habitat for tui chubs between Crowley Reser- 
voir and the Upper Gorge power plant. 


Restoration goals 


Goals of the restoration project were to maintain 
power production, rewater the river, recreate riparian 
habitat, and reestablish a healthy fish population (Brodt 
and Pettijohn 1995). Although native fish populations 
could be reestablished in the Owens River gorge, the 





Figure 1 depicts the Owens River gorge, power plants, and sam- 
ple sites by river mile. wie: 
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California Department of Fish and Game selected brown 
trout (Salmo trutta) as the target species on which to build a 
healthy fishery. Regional and. local emphasis on recreational 
fishing helped drive the decision for a brown trout fishery. 


The primary objective i in achieving these goals was the | 


reestablishment of riparian habitat that functioned in con- 
cert with the river, wetlands, and upland habitats (i.e., the 
free energy. exchange among habitats) by mimicking nat- 
ural flow processes. Key to successful restoration in the 
Owens River gorge was development of riparian vegeta- 
tion through good stream flow management. 

Riparian areas in watersheds provide numerous ecolog- 
ical links between uplands and their aquatic ecosystems 
(Heede 1985; Gregory et al. 1991; Naiman et al. 1992) as 
well as create shade, cover, and organic debris (Largé and 
Petts 1994). Riparian zones in the Owens River Gorge were 
the source of extremely important structural components 
of the aquatic ecosystem. Woody debris is often the domi- 
nant element in the physical structure of streams (Bisson et 
al. 1987), and when coarse, woody debris enters a stream, . 
a critical role of the riparian forest is played (Swanson et 
al. 1976; Harmon et al. 1986; Maser et al. 1988). Riparian 
vegetation in the gorge also provided an important nutri- 
tional substrate for the aquatic ecosystem. Allochthonous 
inputs that dominate small streams are the main source of 
energy (Triska et al. 1982; Gregory et al. 1991). Riparian 
vegetation has been shown to exert significant control over 
fluvial processes and the determination of instream habitat 
via (1) flow resistance; (2) flow interruption by log jams; 
(3) interception and storage of sediment; (4) bank strength- 
ening; and (5) concave bank bench deposition (Hicken 
1984; Gregory and Gurnell 1988). 

_ Disturbance regimes in stream ecosystems are impor- 
tant in shaping riparian zones and their vegetation (Gre- 
gory et al. 1991; Hill et al. 1991); establishing a disturbance 
regime was fundamental to recovering the Owens River 
Gorge. First and foremost, our method was to avoid mechan- 
ical intervention and provide the ecosystem with flows 
that allowed natural processes to occur. Passive or natural 
restoration must begin with flows that promote complex 
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riverine-riparian habitat required to maintain a healthy 
fishery. Our approach was to allow riparian vegetation to 
respond to inctemental increases in both base flows and 
pulse flows throughout many years before larger flows are 
permanently released in the gorge (Table 1). In the early . 
stages of our efforts, we had to carefully match pulse 
flows with the ability of vegetation on landforms to trap 
and hold sediments. Due to Crowley Reservoir Dam, the - 
gorge is starved for sediments, and the river system can- 
not afford to lose sediments necessary to build stream- 
banks. Base flows in early stages of restoration had to 
match pulse flows to ensure that newly established ripari- 
an vegetation on landforms was maintained throughout 
the growing season. 


Flow management 


Reestablishment of the Owens River Gorge ecosystem 
was based on multiple stream flows that allowed natural 
processes to proceed for an extended time. Mechanical 
intervention such as pool digging, log placement, bank 
stabilization, and artificial plantings was possible, but 
such interventions are rarely successful (Beschta et al. 
1995). Natural restoration was the most-feasible, least-cost- 
ly approach (Platts and Rinne 1985) and depended on in- 


' channel and out-of-channel flows that occurred at appro- 


priate times (Hill et al. 1991). 


Pulse and base flow principles 


Pulse flows in the gorge built and irrigated landforms, 
redistributed sediments, scoured pools, and undercut 
banks. Landforms such as streambanks, floodplains, ter- 
races, and channels in the gorge were platforms on which 
riparian vegetation (primarily willow and cottonwood) 
grew. Pulse flows created vortices that placed sediments 
onto landforms that, with out-of-channel irrigation, set the 
stage for seeding and germination of riparian plants; tim- 
ing of pulse flows was critical. Pulse flows had to occur 
when willow and cottonwood seeds were at peak matura- 
tion in the gorge; pulse flows then dispersed seeds down- 
stream onto landforms. Higher pulse flows each spring 
irrigated and deposited sediments and seeds successively 
higher on surrounding landforms. Landforms were the 
key to developing the riparian vegetation that is the pri- 
mary component of fish habitat in the gorge. If bare land- 


forms in the gorge were eroded by pulse flows that were 


too high, platforms for riparian plants would have been 
lost. Therefore, we had to build and strengthen landforms 
to such a degree that they could withstand increasingly 
higher pulse flows without eroding. 

Riparian seedlings sent roots into the hyporheic zone 
following germination and continued growth created 
structural stability on landforms. Riparian vegetation near- 
est the channel edge matured in time, and as stream flows 
increased in the gorge, near-stream vegetation died and/or 
eventually fell into the stream, adding valuable nutrients 
and woody debris that enhanced habitat complexity. Vege- 
tation that was higher on landforms matured, creating land- 
forms that were structurally sound and erosion-resistant. 
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As a-consequence of cycles of pulse flows and vegetation 
growth, the channel became increasingly complex and 
resistant to erosion at higher flows. 

Pulse flows were the “disturbance regime,” and base 
flows were the “stability regime” in the Owens River 
Gorge. Pulse flows set the stage for changes in the gorge, 
and base flows maintained and improved on the physical 
and biological changes initiated by pulse flows. Base flows 
followed pulse flows during the growing season, a critical 
time for all biological components of the gorge ecosystem. 
We established a stable hydrologic regime during the 
growing period to achieve maximum riparian growth and 
reproductive potential. 

The three-dimensional nature of groundwater deter- 
mined the level where the water table and soil moisture 
would rise under landforms. Elevation of the hyporheic 
zone depended on soil particle size, the longitudinal dimen- 
sion from upstream flow, the lateral dimension extending 
beyond channel boundaries, and a vertical dimension that 
resulted from the out-of-channel flow moving downward 
into the soil and groundwater. The hyporheic zone was at 
a higher elevation than the actual stream surface. Higher 
water tables created by incrementally higher base flows 
allowed riparian vegetation to grow and stabilize land- 
forms at successively higher elevations. 

Riparian seedlings became established in relation to a 
specific hyporehic zone associated with a specific base flow. 
A stable base flow steadied the water table level, and suc- 
cessful riparian vegetation growth depended on adequate 
soil moisture content above the water table throughout 
early plant growth phases (seedling, sprout, young plant). 

Too high of an annual base flow in the gorge would 
have inundated landforms and drowned newly germinat- 
ed riparian plants. Willow and cottonwood seedlings 
would not grow in standing water of any depth, and with- 
out developed root systems to hold them in place, land- 
forms could not have withstood successively higher pulse 
flows. As a result, we did not change base flows in the 
gorge until vegetation had adequately secured landforms. 


Determining annual pulse and base flows 


How much pulse flow was too much if the objectives 
were to retain sediments, build landforms, and promote 
riparian vegetation throughout the gorge? The river was 
monitored during 10-day pulse flow periods as the dis- 
charge slowly increased. Sites and landforms particularly 
sensitive to erosion and sediment transport were the mon- 
itoring indicators. Pulse flows were allowed to rise to the 
level where incipient bank erosion began and/or fine sedi- 
ments were transported no more than 1.5 river bends. At 
the point of erosion and/or excess sediment transport, we 
halted pulse flow rise, held the maximum flow for another 
day, and slowly ramped down to a preselected base flow. 
As restoration efforts proceeded, pulse flows were not 
allowed to become too far ahead of the base flow’s ability 
to maintain new riparian vegetation. 

A target base flow was selected each year before the 
pulse flow period. Base flows were selected to match the 
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Riparian habitat condition in the Owens River Gorge in 1991 
(upper photo), the first year of rewatering, and in 1996 at a base 
flow of 26 cfs. 


previous year’s “set” of riparian vegetation to maintain 
new vegetation growth on landforms. Therefore, base 
flows had to maintain the hyporehic zone without inun- 
dating landforms on which riparian vegetation had been 
established. Annual base flow was determined as a-func- 
tion of the previous year’s riparian growth and the num- 
ber of sprouts (willow and cottonwood) and their relative 
positions on landforms. The previous year’s pulse flow 
ideally set new vegetation farther from the streambank 
and higher on landforms. A one-year lag period existed 
between pulse flows that stimulated riparian seeding, and 
germination and measurement of sprouts. Thus, base 
flows were often held constant for two or more years as a 
guarantee that landforms had been secured by vegetation 
before moving to higher flows. Monitoring cross-channel 
transects and woody species provided the best informa- 
tion on sprout height, plant age structure, and distance 
from the water’s edge. 


Microhabitat data were not used to establish pulse na 


base flows. Pool development may be accelerated with 
flows that scour and undercut streambanks, and create 
short-term physical habitat for brown trout. However, 
these high-velocity flows also could cause significant loss 
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of landforms that had not been secured by riparian vegeta- 
tion, and in the long-term fish habitat could be reduced. 

During 1991 and 1992 a base flow of 16 cfs was released 
into the gorge to fill depleted aquifers and stimulate vege- 
tation growth. To avoid erosion of landforms not yet 
secured by vegetation, the first pulse flows were not 
applied until May 1993. Each year since 1993 increasingly 
larger pulse flows have been released in late May or early 
June (depending on the stage of riparian seed develop- 
ment) for approximately 10 days. Incremental changes in 
base flows usually followed larger pulse flows but depend- 
ed on the extent of riparian development on landforms. 
After each pulse flow release, we monitored vegetation on 
landforms and microhabitat response (Hill et al. 1994). 
Analysis of monitoring data was used as an adaptive man- 
agement tool to determine the magnitude of next year’s 
pulse and base flows. 


Monitoring methods 
Sampling sites 
We selected 30 sampling sites for annual monitoring 


throughout the gorge (Figure 1). Sites. that allowed the 
entire gorge reach to be typified were selected above, 
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between, and below power houses. The six uppermost 
sites (Crowley Reservoir to Upper Gorge power plant) 
were reference (i.e., control) sites; these sites experienced 
relatively steady flow conditions and were not influenced 
by pulse flows or incremental flow increases as were the 
lower test sites. Reference sites provided a measure of 
environmental events that may have influenced microhab- 
itat and riparian vegetation but were not due to changes in 
flow regime. Sample sites 25 through 30 were excluded 
from analysis due to confounding effects of water level 
fluctuations above Pleasant Valley Reservoir. Sample site 7 
also was excluded from the study because of construction 
activity below Upper Gorge power plant. 


Riparian vegetation 


Riparian habitat was monitored at each of the sampling 
sites using methods described by the U.S. Forest Service 
(1991). We identified vegetation types according to phys- 
iognomic class (i.e., aquatic, forested, shrub, herbaceous, 
and substrate) and named them within a physiognomic 
class by the dominant plants in the tree or shrub stratum. 
and by hydric status (e.g., wet, mesic, dry) (Table 2). 


Microhabitat 


Microhabitat monitoring tracked 
changes in variables that influence , 
fish, especially pools, riffles, substrate, 
canopy, bank conditions, and organic 
debris. We defined microhabitat using 
19 stream variables that create site- 
specific habitat for fish and describe 
channel morphology (Table-3): Micro- 
habitat was monitored at each gorge 
site with stream cross-sectional meth- 
ods described by Platts et al. (1983). 


Fish populations 
Fish were monitored by direct 
underwater observation in the late 
summer (typically in August during 
the nonmigatory residence phase of 
brown trout). Underwater observa- 
tion by snorkeling is a quick, inexpen- 
sive, and nondestructive census 
method that is not limited by deep, 
clear, nonconductive water. Several 
studies (e.g., Hicks and Watson 1985; 
Zubik and Fraley 1988; Thurow 1994) 
have shown snorkeling to be an unbi- 
ased census technique. Undérwater 
methods followed those described by 
Thurow (1994), with electrofishing 
calibration using methods described © 
by Hillman et al. (1992). In addition to 
snorkel surveys, we performed con- 
trolled creel surveys (Platts and Hill 
1997) in the spring and fall to assess 
catch rates. 
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Riparian and channel habitat complexity 

Relatively low pulse flows were used intentionally to 
provide seed transport, germination, and hyporheic zone 
recharge while minimizing scour effects such as erosion 
and sediment transport. The effects on microhabitat and 
channel features from low pulse flows and the incremental 
increase in base flow can be seen in Table 3. Except for 
canopy cover and organic debris (due to vegetation growth), 
reference sites did not exhibit any significant changes in 
microhabitat variables (Table 3). Most microhabitat fea- 
tures at the test sites changed significantly (P < 0.001) from 
1993 to 1997 (Table 3). These changes were the result of a 
combination of some scour during pulse flows and increas- 
ing the base flow from 16 cfs in 1993 to 26 cfs in 1996. While 
most of the microhabitat changes were statistically signifi- 
cant, the magnitude of the changes were small. Microhabi- 
tat features such as pool and run width, and thalweg and 
average depth—all dependent on high-flow scour—exhib- 
ited significant but not dramatic change. The higher water 
surface level in 1996 caused a significant decrease in riffle 
and pool width as run width increased (Table 3). 

Microhabitatis a direct measure of fish habitat condi- 
tions and geomorphological change. However, increasing 
fish habitat complexity from 1991 (when the gorge was a 
dry channel) to 1997 was due more to riparian vegetation 
than microhabitat or geomorphological change. 

Pulse flow effects also can be seen in vegetation data. 
Cross-channel transect data (Table 4) for willow cotton- 
wood and other woody plant species show that riparian 
vegetation growth at the test sites was better under flow 
management than at reference sites. The greatest increases 
in riparian vegetation occurred in 1994 (one year after the 
first pulse flow) and 1997. 
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The response of riparian plants to disturbances such as 
pulse flows in the initial recovery stage (1994 in the gorge) 
is typically rapid (Gecy and Wilson 1990) and is followed 
by less-dramatic but steady seasonal growth (McBride and: : 
Strahan 1984). In 1995 and 1996 riparian growth in the | 
Owens River Gorge was less dramatic than in 1994 and 
1997. In 1997 riparian vegetation again increased dramati- 
cally as additional landforms became vegetated with high- 
er pulse flows. In comparison with reference sites, riparian 
vegetation at test sites increased each year as a conse- 
quence of pulse flows (Figure 2). Photo points also indi- 
cate an annual increase in biomass of riparian vegetation. 

The effect of flow management on riparian vegetation 
by landform can be seen in Table 5. Streambank landforms 
at test sites exhibited the greatest diversity in riparian 
plant communities reflecting early to mid-seral stages and - 
succession. The dominant vegetation type on streambank 
landforms at the test sites was 58% boulder and herbaceous 
boulder bar. Vegetation types on streambank landforms at the 
reference sites were in the late seral stages and had reached 
final plant succession. The dominant riparian vegetation type 
on reference site streambanks was willow/mesic meadow. 

Vegetation types on floodplain landforms at test sites 
were 76% herbaceous sandbar, willow/wet meadow, and 
mesic meadow, respectively (Table 5). Reference site flood- 
plains supported 73% marsh-type vegetation. While it 
appears that floodplains at test sites were developing 
diverse riparian communities, it is too early to determine 
whether the late seral stage will consist of mostly mesic 
meadow like reference sites or retain a mix of willow/wet @ 
meadow and mesic meadow. 

Terrace landforms (the highest elevation landform) at 
test sites were more than 56% rabbit and sage brush (xeric 
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plant types), while reference site terraces were 73% wil- _ 
low/mesic meadow (Table 5). However, it is important to 
note that more than 27% of terraces at test sites supported 
riparian grasses and shrub willow vegetation. This is par- 
ticularly important since pulse flows had not been of suffi- 
cient magnitude to inundate large areas of terrace land- 
forms. Nevertheless, riparian vegetation was established 
on these highest elevation landforms, indicating that 
groundwater associated with base flows influenced ripari- 
an vegetation on terraces. Terraces at the reference sites 
also were not subject to pulse flows but were mostly vege- 
tated with willow and mesic meadow, thus it is reasonable 
to expect that terraces at the test sites will at least mimic 
reference sites in time. 

Willows quickly out-competed tules (Scirpus spp. and 
Typha spp.) as vegetated landforms developed. Tules on 


slightly submerged landforms initially slowed pulse flows ~ 


and caused significant deposition of sediments, but as 
landform elevation exceeded adjacent water surface eleva- 
tion, willows established and rapidly grew to out-compete 
tules. Young willow and cottonwood represented the age 


class at one year after a pulse flow. Growth of willows and. 


cottonwoods was rapid in the gorge and compared favor- 
ably with, but slightly lower than growth rates at reference 
sites (Table 6). 

By the third year of growth, willows in the gorge pro- 
duced viable seeds, adding to the reproductive potential 
of the whole ecosystem. Cottonwoods generally require 
four years to reach maturity. 


2000 
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Figure 2 illustrates results of trend analysis of riparian plant (willow, 
cottonwood, birch, rose) numbers at Owens River Gorge reference 
sites 1-6 (r2=0.56) and test sites 8-24 (r?=0.95). 
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The combination of increasing 
pulse and base flows, the establish- 
ment and rapid growth of riparian 
vegetation on all landforms, and in-. 
creasing microhabitat features (pools, 
runs, depth, and wetted width) has 
resulted in extremely complex habitat 
throughout the gorge. Small-diameter, 
woody limbs of willows in the water 
column, overhanging vegetation; 
deeper pools; and undercut banks all 
provided excellent cover for fish, and 
brown trout have responded to greater habitat complexity 
with increasing population and biomass. 


Fish response 


The river below the Upper Gorge power plant was stocked 
with approximately 30,000 brown trout in 1994. Some rain- 
bow trout (Oncorhynchus mykiss), Owens sucker (Catostomus 
fumelventris), speckled dace, and Owens tui chub occur in 
the gorge, but the dominant fish species is brown trout. 

Snorkel surveys performed in 1995, 1996, and 1997 cor- 
related well with electrofishing (r values of 0.74 to 0.85, 

P < 0.05). Brown trout numbers have increased each year 
since stocking (Figure 3), which indicates that, so far, 


‘spawning and recruitment is not limiting, and annual 


mortality is low. A healthy fishery in good condition has 
quickly developed in response to restoration efforts. 

Electrofishing data from three sites were used to esti- 
mate annual brown trout populations (Van Deventer and 
Platts 1989). The brown trout population in the gorge in- 
creased by approximately 40% from an estimated popula- 
tion of 1,815 trout/mile in 1996 to almost 3,000 trout/mile 
in 1997. Creel survey results indicated catch rates increased 
from 0 fish/hr in 1991 to between 5.8 and 7.1 fish/hr (with 
a maximum catch rate of 15.7 fish/hr) in 1996. 

Brown trout were able to spawn and maintain healthy 
size structure (Figure 3), which indicates that fish habitat 
criteria for different life stages were met. Limiting condi- 
tions (spawning, rearing, food competition, predation, 
etc.) are hypothesized to be eased as a function of habitat 
response to each incremental increase in pulse and base 
flows. As flows increased, more spawning, rearing, and 
escapement habitat was created; riverine-riparian habitat 
complexity increased; and the food base expanded pro- 
portionally. Brown trout distribution throughout the 
gorge (Figure 5) followed changes in habitat complexity. 
Riparian habitat, channel configuration, and microhabi- 
tat conditions became increasingly complex from 
upstream to downstream. Brown trout distribution 
followed this trend, exhibiting increasing numbers of 
trout that used the increasingly complex and diverse 
downstream habitat. 

A river ecosystem restored from a dysfunctional to 
functional state may or may not produce a large number 
of big fish. Every stream has a unique carrying capacity 
with natural limitations inherent in its functional state 
that dictate fish numbers and size. Depending on the 
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restoration goal, fishery success can be measured in many 
ways. Success may be a blue-ribbon trout fishery, a self- 
sustaining population with adequate recruitment, growth 
and age distribution, and low mortality rates, or a healthy 
population with high endemic species biodiversity. How- 
ever, fishery success may not be the functional endpoint of 
restoration. Kauffman et al. (1997) state that because an 
entire suite of organisms, physical features, and processes 
comprise an ecosystem, a species-only or single-process 
approach to restoration will likely fail. 


Restoration endpoint 


Restoration of the Owens River Gorge is an ongoing 
process, but managers must begin focusing on how to 
identify the endpoint and final flow regime necessary to 
sustain the gorge ecosystem. Common endpoints used in 
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assessing the recovery of river systems are divided into 
either biotic or abiotic resources. 

Milner (1994) describes structural and functional end- 
points for biotic resources and habitat and water quality 
endpoints for abiotic resources. Structural endpoints cover 
community assemblages with such attributes as density, 
number of species, species diversity, etc., and typically 
involve comparison with the predisturbance condition or 
a reference community. Functional endpoints refer to the 
functioning of the community (for example, species 
equilibrium) and may be evaluated independently of a 
reference community. An ecosystem, however, is gener- 
ally regarded as a synergistic unit that comprises both 
biotic and abiotic resources, thus it is impossible to consid- 
er a community in isolation from the environment in 
which it exists. 
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Figure 3 shows length-frequency distribution of brown trout from 
1995 to 1997 snorkel surveys in even numbered test sites in the 
Owens River Gorge. 


_ Accritical question regarding restoration endpoint is 

whether the structural and functional endpoints of a ’ 
recovered community can be maintained without constant 
management. Cairns (1990) argued that unless a self-sus- 
taining community based on natural reproduction, succes- 
sion, and adaptation is attained, system restoration has not 
been achieved. 

Experience gained from the Owens River Gorge restora- 
tion effort shows there are several possible endpoints. The 
gorge ecosystem can be made functional at many different 
flow levels, depending on the degree to which vacant 
landforms are vegetated with pulse flows and maintained 
with base flows. At a given flow regime, riparian habitat, 
in-channel habitat, stream morphology, and brown trout 
populations will eventually reach an asymptote. Biotic and 
abiotic resources will tend toward steady conditions that 
fluctuate around predictable means; eventually the ecosys- 
tem will become a self-sustaining community based on 
natural reproduction, succession, and adaptation. This 
level of restoration may be different from historical condi- 
tions and may be far below the ecosystem’s maximum 
potential. It is apparent that careful identification of goals, 
with measurable and achievable endpoints, must be the 
first step in restoration planning. 


Conclusions 


After five years of natural restoration, the Owens River 
Gorge ecosystem has made a rapid comeback to a functional 
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Figure 4 reports distribution of brown trout by sample site from 
1995 to 1997 snorkel surveys in even-numbered test sites in the 
Owens River Gorge. 


ecosystem capable of sustaining a productive fishery and 
riparian biota. The river ecosystem has responded so well 
to incremental base and pulse flows that it has been possi- 
ble to implement pulse flows twice as high as originally 
planned (Table 1). On the other hand, to provide adequate 
growing time for riparian vegetation and to secure land- 


forms, base flows have not been increased as rapidly as 


originally planned (Table 1). 

The key to ecosystem recovery and sustainable biota in 
the gorge is a multiple-flow regime that allows nature to 
build and maintain riparian habitat. Monitoring results in 
the Owens River Gorge validate the approach used: incre- 
mentally restoring a riverine-riparian structure for the river 
to “hold on to” at high flows. We are meeting our original 
restoration goal by retaining sediments that annually build 
streambanks and vegetation near the water’s edge. <i> 
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PREFACE 


This report was prepared by the Biology Committee of the San Juan River Basin eerie 
Implementation Program (SJRIP) and is based on all data available at the time it was prepared. 
Some field collections from 1997 and early 1998 had not been fully analyzed and, therefore, were 
not included in the report. Information collected on the San Juan River during the 7-year research 
period that is not pertinent to flow recommendations is also not included. Final research reports and 
a Synthesis Report that will compile and synthesize information on other aspects of recovery of the 
endangered fish in the San Juan River are scheduled to be completed in 1999. 
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This report presents the results of a process to develop flow recommendations for the native fish 
community, including the endangered Colorado pikeminnow (Ptychocheilus lucius) and razorback 
sucker (Xyrauchen texanus), in the San Juan River of New Mexico, Colorado, and Utah. Flow 
recommendations are a major milestone of the San Juan River Basin Recovery Implementation 
Program (SJRIP), which was initiated in 1992 with the following two goals: 


wake To conserve fers cise of Colorado squawfish and razorback sucker in the 
ef basin, consistent with the recovery goals established under the Endangered : 
Species Act, 16 U.S.C. 1531 et seq. | 


2, To proceed with water development in the basin in compliance with federal * | 
"and state laws, interstate compacts, Supreme Court decrees, and federal trust 
responsibilities to the Southern Utes, Ute Mountain Utes, J icarillas, and the 
Navajos. | | 





ivccicry of the natural hydrograph is the foundation of the flow recommendation process for the San 
Juan River. Scientists have recently recognized that temporal (intra- and interannual) flow | 
variability is necessary to create and maintain habitat and to maintain a healthy biological community | 
in the long term. Restoring a more- -natural hydrograph by mimicking the variability in flow that | 
existed before human intervention provides the best conditions to protect natural biological | 
variability and health. The linkages between hydrology, geomorphology, habitat, and biology were | 
used to define mimicry in terms of flow magnitude, duration, and frequency for the runoff and base- | 
flow periods. The flow characteristics of these linkages were compared with the statistics of the pre- me 
Navajo Dam hydrology to assist in fine-tuning the flow recommendations. The flow me 
recommendations require mimicry of statistical parameters of flow, based on the linkages developed | 
and the statistical variability of the pre-dam hydrology rather than mimicry of each annual 
hydrograph. A 65-year-long period of record (1929 to 1993) was used to assess the relationship i 
between water development scenarios and the ability to meet the flow recommendations. mie 








Data were gathered and analyzed during a 7-year research period (1991 to 1997) to determine fish 
population and habitat responses to reregulation of Navajo Dam to mimic a natural hydrograph. The 
research involved quantification of several relationships, including flow/geomorphology, 
geomorphology/fish habitat, and flow/habitat availability relationships. 


The SJRIP will use an adaptive management process, along with monitoring and continued research, 
to adjust the flow recommendations in the future. The ability to adaptively manage the system 1S 
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important because flow recommendations can be refined in response to the emerging understanding 
of the mechanisms involved in recovery of the endangered species in the San Juan River. 


This report is one of two reports that address the results of the 7-year research program. ‘This report 
focuses on the analysis and integration of biological, hydrologic, and geomorphological data to 
determine flow needs of the endangered fish species. A companion report, to be produced in 1999, 
will compile and synthesize information on other aspects of recovery of the endangered fishes in the 
San Juan River. The companion report will specifically address issues such as contaminants, 
propagation, nonnative species control, and fish-passage needs. 


RESULTS OF THE 7-YEAR RESEARCH PERIOD 


The San Juan River is similar to other Upper Colorado River Basin (Upper Basin) streams, primarily 
the Green and Colorado rivers, in that they are all large rivers with high spring flows and low base 
flows, they are all fairly turbid most of the time, they typically have sand and cobble substrate, and 
they are all subject to late summer and fall thunderstorm activity. The San Juan River is also similar 
to other portions of the Upper Basin in that it once supported populations of Colorado pikeminnow 
and razorback sucker that have declined after the completion of major dams. However, the San Juan 
River is different than the Green and Colorado rivers primarily because it has a steeper overall slope, 
a higher overall sediment concentration, and more late summer and fall flood events. No wild 
razorback sucker were found in the San Juan River during the research period, and the Colorado 
pikeminnow population appears to be smaller than 100 individuals. Navajo Dam began affecting 
flows in the San Juan River in 1962, and post-dam flows had lower spring flows and higher late 
summer, fall, and winter flows than occurred during pre-dam periods. The advent of research flows 
in 1992 to 1997 produced flows more typical of the pre-dam era. 


Habitat needs of the two endangered fishes in the San Juan River involve a complex mix of low- 
velocity habitats such as eddies, pools, and backwaters adjacent to swifter run and riffle habitats. 
Habitat use changes with time of year and activity (e.g., spawning, feeding, nursery areas). A natural 
hydrograph, in terms of peak spring flows and late summer base flows, is important to not only 
provide the proper habitats at the correct time, but also to provide natural temperatures and 
. productivity cycles for those habitats. 


Two key habitats important to Colorado pikeminnow and other native species that were used 
extensively in the flow recommendation process were cobble bars and backwaters. Cobble bars are 
spawning areas for Colorado pikeminnow, and the fish appear to have fidelity for a certain area of 
the San Juan River called “‘the Mixer” for spawning. In the Green River, similar fidelity to spawning 
areas is seen for both Colorado pikeminnow and razorback sucker. An important feature of 
Colorado pikeminnow spawning bars is that the cobbles are very clean with relatively little fine 
sediments between individual cobbles. Clean cobble bars are more rare in the San Juan River, as 
well as in other Upper Basin rivers, than just a typical cobble bar. 
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Backwaters are an important habitat for young native fishes, including Colorado pikeminnow. 
During studies of young stocked Colorado pikeminnow in the San Juan River, the fish were found 
in backwaters 60% of the time, but they were found in other low-velocity habitats (e.g. pools, pocket 
water) nearly 40% of the time. In the Green River, young Colorado pikeminnow are found in 
backwaters more often than fish in the San Juan River, and studies have shown that the San Juan 
River has relatively small amounts of backwaters compared with the Green and Colorado rivers. But 
the success of the stocked Colorado pikeminnow in the San Juan River has shown that this system 
has the habitats necessary for the survival and growth of these young fish. 


Studies assessing the flows needed to build and maintain cobble bars and backwaters similar to those 
used by Colorado pikeminnow were an important part of the 7-year research effort. These studies 
showed that relatively high flows were needed to build and clean these habitats, but that lower flows 
were needed to make them more abundant at the proper time of the year. 

During the 7-year research period, a number of responses to the reregulation of Navajo Dam were 
identified in the native fish community. Colorado pikeminnow young were found in very low 
numbers, or not at all, during low spring runoff years, and in larger numbers during higher flow 
years. The young of bluehead sucker and speckled dace, two other native species, were found in 
greater numbers during high flow years compared with low flow years. Flannelmouth sucker, 
another native species, tended to decline during the research period, but still remained the most 
abundant native species in the river. The change to a more-natural hydrograph during the research 
period resulted in more cobble and less sand habitats in the TIVEL, apparently favoring bluehead 
sucker and speckled dace rather than flannelmouth sucker. 


Nonnative fishes in the San rt River are potential predators and competitors with the native 
species and have been implicated in the decline of the native fishes throughout the Colorado River 
Basin. Populations of some nonnative fishes changed during the research period, but no major 
‘reduction in nonnative fish numbers were documented. Some authors have suggested that nonnative 
fishes may be reduced by high natural flows, but this was not the case in the San Juan River during 
the 7-year research period. Contaminants were also studied as a potential limiting factor for native 
fishes, but no pattern of contaminant concentrations and flow was found. Table S.1 summarizes the 


biological and habitat responses that were found during the research period and the flows that were 


important in producing those responses. 


FLOW RECOMMENDATION 


RiverWare, a generic hydrologic model, was used as the primary modeling too] for developing the 
flow recommendations. The model simulates the flow in the river at various gages at different points 
in time, including the past, present, and future. It does this by incorporating all past, present, and 
potentially future water development projects into the model. The 1929 to 1993 period of record was 
used in the model to simulate flows under the various development scenarios. Existing gaging 
stations were used to calibrate the model to ensure it was working properly for historic conditions. 


SJRIP Biology Committee ' Executive Summary 
May 1999 5-3 . Flow Report 








DSHS ere barrens 





Table S.1. Flow requirements needed to produce ‘phisclay SMe responses and 
habitats in the San Juan River. 









BIOLOGICAL RESPONSE/ FLOW CHARACTERISTIC 
HABITAT REQUIREMENT . 


Reproductive success of Colorado pikeminnow lower in | Mimicry of a natural hydrograph, especially during 
years with low spring runoff peaks, and higher in years | relatively high runoff years. 
with high and broad runoff peaks. 
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Mimicry of natural hydrograph with higher spring flows 
and lower base flows. 


Decline in flannelmouth sucker abundance, increase in 
bluehead sucker abundance, and increased condition 
factor in both species. 





‘Bluehead sucker reproductive success. Increased number of days of spring runoff >5,000 and 


8,000 cfs correlated with increased success 












Speckled dace reproductive success Increased number of days of spring runoff >5,000 and 


8,000 cfs correlated with increased success 


Success of stocking YOY Colorado pikeminnow and 


Mimicry of natural hydrograph has provided suitable 
subadult razorback sucker 


habitat for these size-classes 
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Eddies, pools, edge pools, other low-velocity habitats 
year round for adult Colorado pikeminnow and 
razorback sucker.. 


Mimicry of natural hydrograph has lowered base flows 
to provide more low-velocity:-habitats. Flows >10,000 
cfs provide more channel complexity which provides for 
more habitat complexity. 


Flows to cue razorback sucker and Colorado Mimicry of natural hydrograph with higher spring flows. 
pikeminnow for migration and/or spawning 


Adult Colorado pikeminnow and razorback sucker use Flows >10,000 cfs provide more channel complexity 
complex river areas. which provides for more habitat complexity, lower base 
flows add to amount of low-velocity habitats. 
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Clean.cobble bars for spawning of all native species, 


Flows >8,000 cfs for 8 days to construct cobble bars, 
especially Colorado pikeminnow. 


and >2;500 cfs for 10 days to clean cobble bars, during 
spring runoff. 













Backwaters and other low-velocity habitats are 
important nursery habitats for Colorado pikeminnow 
and other native fishes. 


High spring flows create conditions for backwater 
formation, low base flows allow them to appear in late 
summer and fall, flows >5,000 cfs for 3 weeks create 
and clean backwaters. 




















Flooded bottomlands appear to be important nursery 
areas for razorback sucker, but other habitats may be 
used in the San Juan River. 


Overbank flows (> 8,000 cfs) increase flooded 
vegetation, and backwaters formed in association with 
edge features maximize on receding flows of 8,000 to 
4,000 cfs. © 





Temperatures of 10 to 14 °C at peak runofffor 
razorback sucker spawning and near 18 to 20 °C at 
bottom of descending limb for Colorado pikeminnow 
‘spawning. _ 






Proposed releases from Navajo Dam are too cool to 
replicate pre-dam temperature timing, but - 

temperatures are above spawning threshold for 
Colorado pikeminnow during the correct period. 










Reduction of nonnative fish abundance. 





Most. nonnative fishes did not decrease during 
research period, summer flow spikes reduce numbers 
of red shiner in secondary channels in the short term. 


Note: cfs = cubic feet per second, YOY = young-of-the-year. 
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3 The model was completed with input from the Bureau of Reclamation, Bureau of Indian Affairs, and 


the states of New Mexico and Colorado. 


Mimicry of the natural hydrograph is the foundation of the flow recommendation process for the San 
Juan River. The flow recommendations require mimicry of statistical parameters of flow based on 
flow/geomorphology/habitat linkages and the statistical variability of the pre-dam hydrology rather 
than mimicry of each annual hydrograph. Therefore, the resulting flows will not mimic a natural 
hydrograph in all years, but will mimic the variation and dynamic nature of the 65-year record of the 


San Juan River. 


The hydrograph recommendations are designed to meet the conditions required to develop and 
maintain habitat for Colorado pikeminnow and razorback sucker and provide the*necessary 
hydrologic conditions for the various life stages of the endangered and other native fishes. The 
conditions are listed in terms of flow magnitude, duration, and frequency during the spring runoff 
period. Duration is determined as the number of days that the specified flow magnitude is equaled 
or exceeded during the spring runoff period of March 1 to July 31. Frequency is the average 
recurrence of the conditions specified (magnitude and duration), expressed as a percent of the 65 
years of record analyzed (1929 to 1993). The underlying assumption in the flow conditions 1s that, 
over a long period of time, history will repeat itself: if the conditions were met during the past 65 
years, they will also be met in the future. To the extent that the water supply is different in the future, 
then the natural condition would also be altered and the conditions of mimicry would be maintained, 
although the exact flow recommendation statistics may not be met. 


To allow for gage and modeling error and the difference between the flows at the historical gage at 
Bluff, Utah, and the Four Corners gage, maximum allowable durations are computed for 97% of the 
target flow rate. In most cases, the primary recommendation is for a specified flow rate (i.e., 10,000 
cubic feet per second (cfs)) of a minimum duration (i.e., 5 days) for a specific frequency of 
occurrence (i.e., 20% of the years). In addition to the primary recommendation, variability in 
duration is desirable to mimic a natural hydrograph. Therefore, a frequency table for-a range of 
durations for each flow rate is recommended. A maximum duration between occurrences is also 
specified to avoid long periods when conditions are not met, since such long periods could be 
detrimental to the recovery of the species. The maximum period without reaching a specified 
condition was determined as twice the average required interval (except for the 80% recurrence of 
the 2,500 cfs condition, where 2 years is used). For example, if the average interval is ] year in 3, 
then the maximum period between meeting conditions would be 6 years. The maximum periods 
were based on the collective judgement of Biology Committee members after review of historical 
pre-dam statistics. Following are the conditions specified: 


- A. Category: Flows > 10,000 cfs during runoff period (March 1 to July 31). 


Duration: A minimum of 5 days between March 1 and July 31. 
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Frequency: 


Purpose: 


B. Category: 
Duration: 


Frequency: 


Purpose: 


SJRIP Biology Committee 
May 1999 


Flows > 10,000 cfs for 5 days or more need to occur in 20% of the years 


on average for the period of record 1929-1993. Maximum number of 
consecutive years without meeting at least a flow of 9,700 cfs (97% of 10,000 
cfs) within the 65-year period of record is 10 years. 


Flows above 10,000 cfs provide significant out-of-bank flow, generate new 
cobble sources, change channel configuration providing for channel diversity, 
and provide nutrient loading to the system, thus improving habitat 
productivity. Such flows provide material to develop spawning habitat and 
maintain channel diversity and habitat complexity necessary for all life stages 
of the endangered fishes. The frequency and duration are based on mimicry 
of the natural hydrograph, which is important for Colorado pikeminnow 
reproductive success and maintenance of channel complexity, as evidenced 
by the increase in the number of islands following high flow conditions. 
Channel complexity is important to both Colorado pikeminnow and 
razorback sucker. | 


Flow > 8,000 cfs during runoff period. 
A minimum of 10 days between March 1 and July 31. 


Flows > 8,000 cfs for 10 days or more need to occur in 33% of the years 
on average for the period of record 1929-1993. Maximum number of 
consecutive years without meeting at least a flow of 7,760 cfs (97% of 8,000 
cfs) within the 65-year period of record is 6 years. 


Bankfull discharge is generally between 7,000 and 10,500 cfs in the San Juan 
River below Farmington, New Mexico, with 8,000 cfs bein g representative 
of the bulk of the river. Bankfull discharge approximately 1 year in 3 on 
average is necessary to maintain channel cross-section. Flows at this level - 
provide sufficient stream energy to move cobble and build cobble bars 
necessary for spawning Colorado pikeminnow. Duration of 8 days at this 
frequency is adequate for channel and spawning bar maintenance. However, 
research shows a positive response of bluehead sucker and speckled dace 
abundance with increasing duration of flows above 8,000 cfs from 0 to 19 
days. Therefore, the minimum duration was increased from 8 to 10 days to 
account for this measured response. Flows above 8,000 cfs may be important 
for providing habitat for larval razorback sucker if flooded vegetation and ) 
other habitats formed during peak and receding flows are used by the species. 
This flow level also maintains mimicry of the natural hydrograph during 
higher flow years, an important feature for Colorado pikeminnow 
reproductive success. 
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Flow > 5,000 cfs during runoff period. 
A minimum of 21 days between March 1 and July 31. 


Flows > 5,000 cfs for 21 days or more need to occur in 50% of the years 


on average for the period of record 1929-1993. Maximum number of | 


consecutive years without meeting at least a flow of 4,850 cfs (97% of 5,000 
cfs) within the 65-year period of record is 4 years. 


Flows of 5,000 cfs or greater for 21 days are necessary to clean backwaters 
and maintain low-velocity habitat in secondary channels in Reach 3, thereby 
maximizing nursery habitat for the system. The required frequency of these 
flows is dependent upon perturbating storm events in the previous period, 
requiring flushing in about 50% of the years on average. Backwaters in the 
upper portion of the nursery habitat range clean with less flow but may be too 
close to spawning sites for full utilization. Maintenance of Reach 3 is 
deemed critical at this time because of its location relative to the Colorado 
pikeminnow spawning area (RM 132) and its backwater habitat abundance. 


Flow >2,500 cfs during runoff period. 
A minimum of 10 days between March 1 and July 31. 


Flows > 2,500 cfs for 10 days or more need to occur in 80% of the years 
on average for the period of record 1929-1993. Maximum number of 
consecutive years without meeting at least a flow of 2,425 cfs (97% of 2,500 
cfs) within the 65-year period of record is 2 years. 


Flows above 2,500 cfs cause cobble movement in higher gradient areas on 
spawning bars. Flows above 2,500 cfs for 10 days provide sufficient 
movement to produce clean cobble for spawning. These conditions also 
provide sufficient peak flow to trigger spawning in Colorado pikeminnow. 
The frequency specified represents a need for frequent spawning conditions 
but recognizes that it is better to provide water for larger flow events than to 
force a release of this magnitude.each year. The specified frequency 
represents these tradeoffs. 


Timing of the peak flows noted in A through D above must be similar to 
historical conditions, and the variability in timing of the peak flows that 
occurred historically must also be mimicked. 


Mean date of peak flow in the habitat range (RM1!80 and below) for any 
future level of development when modeled for the period of 1929 to 1993 


Executive Summary 
S-7 Flow Report 





1S ee ee 
a aS 
wa OEE PLE DOO SE TATTOO ET | 


Variability: 


Purpose: 


P: Category: 


Level: 


Purpose: 


G. Category: 


Control: 


Purpose: 
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must be within 5 days + of historical mean date of May 31 for the same 
period. 


Standard deviation of date of peak to be 12 to 25 days from the mean date of 
May 31. 


Maintaining similar peak timing will provide ascending and descending 
hydrograph limbs timed similarly to the historical conditions that are 
suspected important for spawning of the endangered fishes. 


Target Base Flow (mean weekly nonspring runoff flow). 


500 cfs from Farmington to Lake Powell, with 250 cfs minimum from 
Navajo Dam. 


Maintaining low, stable base flows enhances nursery habitat conditions. 
Flows between 500 and 1,000 cfs optimize backwater habitat. Selecting 
flows at the low end of the range increases the availability of water for 
development and spring releases. It also provides capacity for storm flows 
to increase flows and still maintain optimum backwater area. -This level of 
flow balances provision of near-maximum low-velocity habitat and near- 
optimum flows in secondary channels, while allowing water availability to 
maintain the required frequency, magnitude, and duration of peak flows 
important for Colorado pikeminnow reproductive success. 


Flood Control Releases (incorporated in operating rule). 
Handle flood control releases as a spike (high magnitude, short duration) and 


release when flood contro] rules require, except that the release shall not 
occur earlier than September 1. If an earlier release is required, extend the 


duration of the peak of the release hydrograph. A ramp up and ramp down - 


of 1,000 cfs per day should be used to a maximum release of 5,000 cfs. If the 
volume of water to release is less than that required to reach 5,000 cfs, adjust 
the magnitude of the peak accordingly, maintaining the ramp rates. Multiple 
releases may be made each year. These spike releases shall be used in place 
of adjustments to base flow. 


Historically, flood contro] releases were made by increasing fall and winter 


base flows. This elevates flows above the optimum range for nursery habitat. . 


Periodic clean-water spike flows improve low-velocity habitat quality by 


flushing sediment and may suppress red shiner and fathead minnow 
abundance. 
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Operating rules for Navajo Dam were developed in cooperation with the Bureau of Reclamation to 
demonstrate how the dam may be operated to meet the flow recommendations. These suggested 
rules determine the timing and size of release flows to maximize the ability of the river to meet the 
flow recommendations. Releases to produce a peak spring flow are not made every year because 
saving water, (1) for human use, and (2) to make a larger peak in a future year, 1s incorporated into 
the rules. The flow recommendations, and use of the operating rules, will provide flows in the San 
Juan River that will promote the recovery of the two endan gered fish species. As presently 

configured, the flow recommendations may also allow for a significant amount of future water 
development in the basin. 


This report addresses the science of the development of flow recommendations for the San Juan 
River. It does not address the impact of the recommended flows on the holders of water rights in 
the San Juan River Basin. Legal and management factors to be considered by the U.S. Fish and 
Wildlife Service and affected parties will determine which holders of water rights will be affected 
by these flow recommendations. The SJRIP recognizes that the flow criteria and operating rules 
discussed herein are only recommendations that are subject to further refinement through the SJRIP 
adaptive management process and pursuant to the National Environmental Policy Act. 
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Artificial Stream Restoration 
Money Well Spent Or An Expensive Failure?’ 


INTRODUCTION 


Although artificial stream restoration for 
improved fisheries habitat has been in vogue 


at least a century, these endeavors have 
N 


me 


n insufficiently studied, and failures and 
successes inadequately demonstrated (Hall 
and Baker 1982, Platts and Nelson 1985, 
Platts and Rinne 1985, Beschta and Platts 
1986, Elmore and Kauffman 1994). The lack 


-of data has occurred at a time when native 


fish populations are declining and political 
pressures (e.g., Endangered Species Act, 
Pacific Northwest salmon issues) are 
increasing to provide additional amounts of 
money for restoring damaged streams and 
preventing the extirpation of species. 
Although the Bonneville Power 
Administration (BPA), the US Forest Service 
(USFS), the Bureau of Land Management 
(BLM), and the Pacific Northwest States are 
spending millions of dollars annually for the 
improvement of salmonid habitat, this 
financial effort may not be providing the 
desired benefits. 


_ Credible scientific, economic, and social 


evaluation of the various types of stream 
alteration projects are critically needed to 
guide future decisions. However, major 
information gaps exist because the scientific 
community has not evaluated the ecological 
effects of various types of restoration 
projects. In addition, economic evaluations 
of the benefits resulting from project costs are 
of critical importance yet have received little 
attention (Reeves and Roelofs 1982). 
Although the research necessary to 
implement successful rehabilitation of 
riparian-stream environments is in_ its 
infancy, Everest et al. (1991) have alerted the 
fisheries profession and other natural 
resources managers that estimates of cost- 
effectiveness and total biological benefits are 
needed to help set priorities for future habitat 
alteration projects. Furthermore, it is 
possible that many previous “restoration” or 
“enhancement” projects have actually 
resulted in further degradation of the 
ecological functions of streams (e.g., Beschta 


et al. 1992, Kauffman et al. 1993). 





This article contains portions of a paper originally presented at the 1994 Universities Council on 
ater Resources Symposium, “Enviroriental Restoration.” 
The authors are: Robert L. Beschta, Hydrologist and Professor at Oregon State University in 
Corvallis, Oregon, William S. Platts, Fisheries Scientist with Ecosystem Sciences in Boise, Idaho, 
J. Boone Kauffman, Riparian Ecologist and Associate Professor at Oregon State University, and 
Mark T. Hill, Fisheries Biologist with Ecosystem Sciences. Excerpts from their paper appear with 


' permission. 
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In this paper, we discuss the historic and present 
status of stream restoration in the western United 
States. Most of these projects were undertaken 
with the express purpose of improving or 
enhancing fisheries habitat. Case histories with a 
sufficient data base or study intensity to develop 
a better understanding of their effects, are 
reviewed although detailed statistical evacuations 
are not included. Our objective is to provide 
improved insights to project decision makers for 


reevaluating whether expenditures have achieved — 


desired results. 
HISTORICAL SETTING 


During most of this century, the desire to provide 
sport fishing opportunities through artificial 
stream restoration experienced a series of fits and 
starts (Hunter 1991). BY > ther 300s, 
proféssionals and lay people were deep in 
' modifying streams and their 
banks. H.S. Davis, Chief 
of the U.S. Bureau of 
Fisheries, commented in the 
1930s that **.. hardly a foot 
of stream has been left in its 
original condition... Of 
what benefit to a stream is 
it to construct cover 
(artificial) for many times 
the number of fish the 
stream (food resources) can 
support?” Seventy years 


ago, biologists were pointing out that money and 


time spent does not equal products received 
(Hunter 1991). Those critics, were largely 
ignored by the fisheries profession as evidenced 
by the large stream repair projects that followed 
over the next 70 years. Because only a small 
fraction of the tools and ecological knowledge of 
stream systems known today was at their disposal, 
it’s understandable why fisheries specialists in the 
1930s were enthralled by the concept that people 
could construct a better stream. They believed 
they were breaking new ground (Hunter 1991). 
However, given our current knowledge-base, it is 
ironic that many fisheries biologists and other 
natural resources specialists continue to subscribe 
to the idea that the physical alteration of a stream 








“'..given our current knowledge- 
base, it is ironic that many 
fisheries biologists and other 
natural resources specialists 
continue to subscribe to the idea 
that the physical alteration of a 
stream provides a simple 
mechanism for improved or 
restored habitat conditions.” 





provides a simple mechanism for improved or 
restored habitat conditions. | 


In 1952 the US Forest Service published its first 
major handbook on improving stream habitat 
(USDA Forest Service 1952). A second major 
handbook followed in 1985 (Seehorn 1995). This 


' cook-book approach to habitat management 


admitted that many mistakes had happened in the 
past but it also concluded that much has been 
learned (Hunter 1991). The manual, however, did 
not dwell on what those past mistakes were or 
what had been learned. In 1992, the USFS 
published its latest Stream Habitat Improvement 
Handbook (Seehorn 1992) which superseded the 
1985 version. The 1992 handbook provided an 
excellent primer on how to be a “water 
carpenter.” However, the manual did not expand 
on anything learned from past modes of operation 
and there was nothing in the manual regarding the 
effectiveness of past 
projects or benefit cost 
ratios to be expected. The 
manual identified a large 
number of instream projects 
but little understanding or 
background on whether 
these proposed practices 
actually provided any 
benefits or how to consider 
proposed habitat alterations 
within the ecologic and 
geomorphic context of a 
particular stream reach or watershed. Similar 
comments apply to a stream rehabilitation manual 
presented by House et al. (1988). 


White and Brynildson (1967) moved the 
understanding of stream restoration forward with 
their 1967 trout management manual. Perhaps 
their most important conclusion was “if a stream 
is already in good shape leave it alone.” They 
emphasized that remaining unspoiled waters were 
highly valuable, and the main stream management 
effort today was to guarantee their preservation 
for the future. White and Brynildson (1967) were 
one of the first to emphasize that vegetation 
should be managed first: before implanting hard 
structures such as dams, deflectors, and rip-rap. 
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HABITAT MODIFICATION IN AN 
ECOLOGICAL SETTING 


The desire to artificially alter instream fish habitat 
has resulted from a variety of reasons. In many 
instances, stream habitat degradation has 
proceeded to the point where one or more limiting 
factors, such as high water temperatures, excess 
fine sediment, lack of pools, insufficient cover, 


limited allochthonous inputs have contributed to . 


declines in fish populations. Once limiting factors 
have been delineated, an in-channel habitat 
alteration project is often developed. Such 
alterations have occurred even if the limiting 
factors are unrelated to inchannel problems (i.¢., 
the loss of cover and streambank stability due to 
livestock grazing, logging, agricultural practices, 
etc.). * The focus of these projects is usually 
directed toward in-channel alterations for a 
variety of reasons including: | , 


e An inadequate 
riparian/stream ecosystems (¢.g.,. many 
stream biologists may not understand the 
ecological functions of streamside vegetation 
or the natural disturbance patterns that shape 
both channels and an array of habitat 
features) : 

° Political purposes (e.g., it is socially or 
politically unacceptable to change ongoing 
land use practices that are causing 
degradation) 

e Limitations of project funding (e.g., the 
available money can only be spent on 
instream habitat features and not on 
improving stewardship of riparian systems) 

¢ Management styles that emphasize 
quantifiable project results (e.g., building a 
specific number of structures during the fiscal 
year can have a much higher priority for 
many resource managers than improved 
stewardship decisions) 

- A focus on structure and not process (€.g., 
blindly accepting the concept that one can 
never add too much large woody debris to a 
stream while totally ignoring those factors 
limiting or reducing the natural recruitment of 
large wood debris) 





understanding of | 





The desire to create a better system than can 
occur naturally by simplistic alteration of a 
specific habitat feature (e.g., adding large 
wood, boulders, spawning gravels in areas 
where non naturally exist) 

A belief based. on an _ inadequate 
understanding of the complexity of 
riparian/stream interactions that structures 
can mitigate for management practices that 
degrade riparian/aquatic habitats (e.g., 
structures are installed while allowing the 
continuation of abusive grazing, logging, or 
other land use practices) 

e Land ownership (e.g., while water and fish 
are usually considered public resources, the 
land on either side of the channel may be in 
private ownership and thus the permission 
and cooperation of landowners is required for 
out-of-channel restoration efforts) 

e A reductionist perspective of how to manage 
stream ecosystems (e.g., altering the in- 
channel environment can be perceived as a 
simplistic cause-and-effect approach with 
definite beneficial outcomes whereas 
ecosystem management may be a more 
difficult concept to apply because there are 
often multiple and indirect causes-and-effects 
interacting over time and space) 


Because of these often overriding political, social, 
institutional, economic, and technical limitations, 
most habitat alteration projects focus on activities 
that can be undertaken within the active channel 
(i.e., between streambanks). And by doing so, 
they perpetuate and reinforce a “channel vision” 
perspective. In contrast to an ecosystem 
perspective, a channel approach tends to focus 
solely on physical habitat components and has 
dominated stream habitat projects for decades. 


Streambanks and channels that have been 


“hardened” by structural additions can lose their 
capability to respond and dampen the continually 
changing flow and sediment regimes of natural 
stream systems. Conversely, when channel 
changes occur after structural treatments have 
been applied, the effects to stream systems, 
channel morphology, soils, and vegetation can be 
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substantial (Frizzell and Nawa 1992). A dramatic | 


example of such changes occurred in Meadow 
Creek, a tributary to the Grand Ronde River in 
eastern. Oregon, after large amounts of large 
woody debris were added to a reach that had been 
‘previously impacted by logging and long-term 
grazing. During a large flow event, the majority 
of these structures were displaced downstream 
and-contributed to a major loss of riparian soils 
and redistribution of stream gravels (Beschta et 
al. 1992). While vegetation recovery has been 
encouraging following the high flow event and the 
cessation of grazing, the loss of riparian soils may 
affect the ultimate capability of this 
riparian/aquatic system to recover. 


Many structural features are placed in stream 
systems where they are . geomorphically 
inappropriate (e.g., the use of boulder or wood in 
stream systems where 
such materials never 
occurred naturally). In 
other instances, the use 
of gabions, tires, 
geotexile fabrics, or 
other foreign materials 
have been used. It 1s. 
ironic that foreign or 
artificial habitats are 
being implemented to save wild or native fish 
populations. 


Ecosystem management concepts are increasingly 
being discussed and implemented with regard to a 
wide range of forest land and animal species, 


including aquatic components (FEMAT 1993).: 


However, these concepts have not been 
incorporated in the vast majority of stream 
improvement or restoration projects. Similarly, 
ecosystem approaches to the management of 
rangeland, agricultural, and urban stream systems 
are not prevalent at present. 


CASE HISTORIES 
The original paper includes 7 pages summarizing 


the results of studies and recent field reviews of 
fisheries enhancement and restoration projects 








“Pouring time and money into a 
degraded stream that is continuously 
perturbed by human land use activities is 
not only futile, but it raises false public 
expectations that aquatic conditions will 
be improving.” 






including Oregon streams (Fish Creek, the Grand 
Ronde and John Day River basins, Fifteenmile 
Creek, and Trout Creek Basins), Idaho structural 
activities (natural barrier removal, riparian 
revegetation and sediment reduction, instream 
structures, and off-channel developments), Utah 


(Big Creek), Arizona, New Mexico, and 


California (Mono Basin streams). Refer to the 
original paper for complete details. 


WHAT WORKS AND WHAT NEEDS 
FIXING 


Increasingly, the realization is developing in the 
scientific community that complex ecosystems 
and associated habitat features cannot be achieved 
via the simple and artificial manipulation of 


‘selected components. For example, the habitat 


deficiencies associated with low numbers of pools 

in a stream cannot be 
simply satisfied by 
digging more pools. 
Instead, the functional 
attributes of the entire 
system ...need. to be 
reestablished along with 
the appropriate physical, 
chemical, and biological 
processes. Thus, habitat 


_restoration “..is a holistic process not achieved 


through the isolated manipulation of individual 
elements” (National Research Council 1992). 
Furthermore, the objective of restoration “v.is to 
emulate a natural, self-regulating system that is 
integrated ecologically with the landscape in 
which it occurs” (National Research Council 
1992). Herein lies a basic conflict associated with 
most structural programs of habitat alteration. 
Structural approaches usually have short-term 
objectives (i.e., stabilize a streambank or create a 
pool) but fall far short of the long-term ecological 


- requirements of habitat restoration. Structures 


often do not create features associated with intact 


_ riparian plan communities. 


An ecological view of habitat restoration requires 
not only a long-term perspective, but a 
comprehensive understanding of riparian/aquatic 
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RECOMMENDATIONS 





systems. Such concepts as hydrogeomorphic 
disturbance patterns, patterns of vegetation 
establishment and succession, use of reference 
sites, and an understanding of land use history are 
generally needed to assist in identifying 
restoration needs. Perhaps even, more 
importantly, without the removal or significant 
reduction of anthropogenic activities that are 
currently having adverse impacts to 
riparian/aquatic ecosystems, the restoration of 
aquatic habitats for fisheries and other organisms 
cannot be expected. 


Many studies and field reviews of fisheries 
enhancement projects (refer to the original paper 
for details) echo several common themes. 


CONCLUSIONS AND 


° The removal or elimination of land use 
activities that cause adverse impacts to 
riparian and aquatic ecosystems are of the 
highest priority if . restoration is to be 
accomplished. 

« Abusive land use practices cannot be 
mitigated by structural additions or 
modifications to stream channels. 

° The restoration of healthy riparian vegetation 
is a necessary requirement for improving a 
wide range of riparian functions and aquatic 
habitats; such restoration requires that the 
dynamic processes of establishment, growth, 


and succession of riparian plant communities . 


be allowed to occur. 

e Natural disturbance patterns and processes 
(e.g., high flows and sediment transport) are 
an important component of riparian/aquatic 
ecosystems; they interact in non-deterministic 
ways with vegetation and channel 
morphology during the restoration of 
functional riparian/aquatic systems and 
habitats. 

e Ecological recovery and improvement 
requires time for the influence and functions 
of riparian vegetation to be expressed in 
conjunction with natural disturbance regimes, 
thus restoration requires a long-term 
perspective. 





¢ Projects which relied on the use of instream 
structures often severed ecological linkages 
between terrestrial, riparian and aquatic 
ecosystems; because of their size and 
permanence, many of these structures will 
cause a long-term shift in channel 
morphology and loss of instream functions. 

e Even though major enhancement programs 
have been underway for 10 years or more, 
rigorous monitoring or evacuation has seldom 
been initiated or accomplished, thus their 
biological importance for improving or 
sustaining fisheries productivity has seldom 
been documented. 

« Existing monitoring of fish population trends 
has not provided evidence that structural 
approaches to improving fish habitat are 
attaining desired goals. 

© The use of non-natural materials (¢.g., 
goetextiles) should be eliminated from 
instream projects directed at improving or 
enhancing the habitats of wild or native 
fishes. 


Restoration of aquatic habitats is obviously a 
critical need for streams throughout the American 
West. However, efforts should focus on those 
streams in which the potential to return to a near 
natural state is possible (Platts and Rinne 1985). 
Furthermore, artificial stream enhancement 
cannot be utilized to circumvent the causations of 
stream degradation. In other words, artificial 
structures are not a suitable alternative or 
mitigating factor to land use activities which 
degrade riparian ecosystems. If abusive land use 
practices are creating habitat degradation, the 
alteration or elimination of those practices should 
be undertaken with a sense of urgency. This 1s 


clearly the first and most important step in 


riparian/aquatic restoration (Figure 1). Pouring 
time and money into a degraded stream that is 
continuously perturbed by human land use 
activities is not only futile, but it raises false 
public expectations that aquatic conditions will be 
improving. 


The rationale behind many stream habitat projects 
appears to parallel that of trout-stocking 
programs. These expensive put-and-take 
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operations have facilitated a fishing experience by ® 
the public, even in extremely degraded streams. The original paper was published in: Proceedings, 
Environmental Restoration, Universities Council 

on Water Resources, UCOWR 1994 Annual 

Meeting, August 2-5, 1994, Big Sky, Montana. 


Unfortunately, put-and-take stocking programs 
thus become a substitute for good land and water 
stewardship at the expense of native fisheries and 
ies inberest ijotiers) diversity’ Of puesta: Copies of the entire paper are available by writing: 
riparian/stream: ecosystems. Artificial stream Forestry Publications Office 

restoration must never substitute for a vigorous, Oregon State University 

responsible stewardship of riparian systems and Forest Research Lab 227 

their surrounding watershed. Corvallis, OR 97331 













‘ NATURAL DYNAMIC 
ECOSYSTEM 


ANTHROPOGENIC 
DISRUPTION OF 
ECOLOGICAL PROCESSES 


Alteration of hydrological cycles, 
channelization, exotics, overgrazing, 
alteration of fire cycles, etc. 














DEGRADED ECOSYSTEM 








Declines in biological diversity, 
ecosystem productivity, and 
altered ecosystem processes. 








Ecosystem composition and 
structure that existed prior to 
Euroamerican settlement. 





POTENTIAL NATURAL 
COMMUNITY 





: PASSIVE 
RESTORATION 

















Natural ecosystem function similar to that in 
which the landscape evolved. 







Removal of anthropogenic 
perturbations 


Ecosystem processes 
restored 















"DESIRED FUTURE CONDITION" 


Continued presence of 
ecosystem limitations 
which retard recovery. 





ACTIVE RESTORATION 


Restoring ecosystem 
processes, structure of 
composition through active 
manipulations. 


_ NEW ECOSYSTEM EQUILIBRIUM 


Composition and structure of the’ 
ecosystem is influenced by continued 
disruptions of other ecological processes. 





MISINTERPRETATION OF 


ECOSYSTEM NEEDS 
Figure 1. Conceptual pathways of 


ecological restoration of riparian/aquatic Pale ee ri ee BOG 
ecosystems (After Kauffman et al. 1993) ECOSYSIEUNE TA aYS Retard 
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Playfain's Law: "Every river appears to consist of 

a main taunh, fed from a variety of branches, each 
Aunning in a valley proportioned to its size, and ark 
of them together founing a system of valleys connecting 
with one another, and having such a nice adjustment of 
their deckivities that none of them join the principal 
vakkey either on too high or too Low a Levels a cit- 
cumstance which would he infinitely improbable if each 
of these valleys were not the work of the stream which 
flows in it," 


John Playfair, 1802 


Others have built on John Playfair's observations. So it 

is with this work. Dr. Walter Megahan's original efforts 

at stream channel characterization in Utah a decade ago 
served as the stimulus. From that beginning the present 
system has evolved as a team effort. It has been my 
pleasure to shephard this work and contribute from my 
personal experience and observations. My Northern Region 
colleagues, past and present, have contributed so much 

in the way of suggestions and critique that it is imposs- 
ible now to say "this is his and this is mine". My thanks 
and appreciation go especially to Dave Rosgen and Lee Silvey 
who labored through several revisions of the field form with 
me. Now the ball passes to you. Take it and run! 


Dale J. Pfankuch, Forester 
Lolo National Forest 
Missoula, MT 

June 1978 


Presently Hydrologist 


‘Rocky Mountain Region, Denver, CO 
Lita 











a? 


° 


te np ep 


STREAM REACH INVENTORY anp CHANNEL STABILITY EVALUATION 





Channel evaluations are best made during periods of low flow. 


Purpose: These procedures were developed to systemize meas-— 
urements and evaluations of the resistive capacity of mountain 
stream channels to the detachment of bed and bank materials 
and to provide information about the capacity of streams to 
adjust and recover from potential changes in flow and/or in- 
creases in sediment production. : 

Uses: The information may be gathered at a "peint" for 
projects such as bridge sites, campground, etc., or in 
complete channel analyses for fisheries, timber management 
water balance or multiple use inventories and planning. 
Stream reaches may be stratified by order and geologic type 
and sampled to an intensity that meets survey requirements. 
"Point" as used here always means a reach of sufficient 
length to provide the observer with. a range of information 
on which to base! a sound selection from available alternat- 
tives, 


instructions: The card format of R-1 Form 2500-5A and this 
pocket field guidebook are designed to be used together - in 
the field. Use a separate rating card for each length of 
stream that. appears: similar. Identify the reach on Card Form 
2500-5A, on maps ‘and/or photos in sufficient detail so others 
can locate the same reach at some future time, 


The inventory items are completed using maps, aerial photos 
and field observations and measurements. Circle all estimated 
data items that could be measured but weren't,, The precision 
of measurements will be dictated by-the requirements of the 
particular inventory. These standards should -be clearly in 
mind when the work begins, 
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The evaluation portion of the inventory requires judgement 
based on experience and the criteria outlined in this 

booklet. The condition descriptions, briefly explained on 
the tally form, are amplified in more detail in the pages 

that follow. As you begin the evaluation phase of the inven- 
tory, a few words of.caution are in order. Avoid keying 

in on a single indicator or a small group of indicators in 
making ratings. Since the indicators are interrelated,,don't 
dwell on any one item for long. If all are used without bias, 
the maximum diagnostic value can be obtained. Do the best 

you can. Experience has shown that over and underratings 

tend to balance out. . Total rating scores made by ;inexperienced 
persons are often numerically close to the scores of those 
with more experience. 


Keep in mind that, éach.item directly or indirectly is designed 
to answer three;basic questions: 


1. What are the magnitudes of the hydraulic forces at 
work to detach and transport the various organic and 
inorganic bank and channel components? 


2. How resistent are these components to thé recent 
stream flow forces exerted on them? 


3. What is the capacity of the stream to adjust and 
recover from potential changes in flow volume and/or 
increases in sediment production? 
The channel and adjacent flood plain banks are subjectively 
rated, item by item, following an on-the-ground inspection. 
Circle only one of the numbers in parentheses for each 
item rated. If actual conditions fall somewhere between 
the conditions as described, cross out the number given 
and below it write in an intermediate value which better 
expresses the situation as you see it. 





NOTE; Channels cut to bedrock are always rated Excellent. 
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DEFINITION OF TERMS AND ILLUSTRATIONS 


Upper Bank - That portion of the topographic cross section 
from the break in the general slope of the surrounding land 
to the normal high water line. Terrestrial plants and 
animals normally inhabit this area. 


Lower Banks - The intermittently submerged portion of the 
channel cross section from the normal high water line to 
the water's edge during the summer low flow period. 


Channel Bottom - The submerged portion of the channel cross 
section which is totally an aquatic environment. 





Channel Bottom 


Stream Stage - The height of water in the channel at the 
time of rating is recorded, using numbers 1 through 5. 

These numbers, as shown below, relate to the surface water 
elevation relative to the normal high water line. A decimal 
division should be used to more precisely define conditions, 
i.e., 3.5 means 3/4ths of the channel banks are under 

water at the time of rating. 









5= Flooding. The flood 
plain is completely 
Ant ee covered.: 
é 4= High. Channel full to the 
normal high water line. 
3= Moderate. Bottom and 1/2 of 
lower banks wetted. 

Low. Bottom covered but very 
little of the lower banks wet. 
l= "Dry''. Essentially no flow. Water 
may stand in bottom depressions. 
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KEY CARD FOR FIELD FORM 2500-5A 


KEY NUMBER ON FIELD CARDS 


Item Rated 
Landform Slope 


Mass Wasting or Failure 
(existing or potential) 


k Debris Jam Potential 

De rergerenks Floatable Objects 

Vegetative Bank 
Protection 


Channel Capacity 


Bank Rock Content 


Obstructions 
Flow Deflectors 
Sediment Traps 


Lower Banks 


Cutting 


Bottom 


Scouring and 
Deposition 


Clinging Aquatic 
Vegetation 
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R-1 STREAM REACH INVENTORY and CHANNEL STABILITY EVALUATION 
REACH LOCATION: Survey Datef-|2-74 Time/¥30_ Obs. D.R.-4£.5.- D.P. 





Forest. Brightwater Rer. Dist. Purrty | 
P.W.l. ; fa 

stream Fern Creek W/8'N0. Le -02-02-04- 28-05-00 

Reach Description & ; A fo 


‘ eria 
Other Identification Read af 3 tof HU #274 - 















Poor on reverse side 


pee 
‘ GOOD , 
Bank slope gradient <30%. | (2) [|Bank slope gradient 30-40%. [. (4) | 


No evidence of past or any Infrequent and/or very small. 
potential for future mass | Mostly healed over. Low 
ing into channel, future potential, 

Essentially absent from (2) | Present but mostly small 
immediate channel area, 


twig 
90%+ plant density. Vigor 
and variety suggests a 
deep, dense, soil binding, 
root mass. 
Ample for present plus some 
increases. Peak flows con- 
tained. W/D ratio <7, 
65+ with large, angular 
bouldersi.12"+ numerous, 


Fair and 




















s_and limbs, 
6 density. Fewer plant 
species or lower vigor 
suggests a.less dense or 
deep root mass. 
Adequate, Overbank flows 
rare. Width to Depth (wW/D) 
Tav1O,O LOM 5. 
(2) 5%, mostly small 
boulders to cobbles 6-12", 















= 
On 
<4 











ete) 














Pools and riffles stable, 


deflectors newer and less. 
firm. 


I By a STE . A . 

- Rocks and old logs firmly Some present, causing erosive 

a embedded. Flow pattern with- cross currents and minor pool 

a 7 | out cutting or deposition. filling. Obstructions and (4) 





Little or none evident. 
Infrequent raw banks less 
than 6" high generally. 


Some, intermittently at 
(4) outcurves and constrictions. 


t 
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Raw banks may be up to 12", . 
Some new increase in bar 
formation, mostly from 

coarse gravels. 

Rounded corners and edges, 
surfaces smooth and flat. 
Mostly dull, but may have up 
to % bright surfaces. 
Moderately packed with 


: 


some overlapping. 





Little or no enlargement 
of channel or point bars. @) 
Sharp edges and corners, (1) 
plane surfaces roughened, 
} un | Surfaces dull, darkened, or 1) 













stained, Gen. not "bright". 


















No change in sizes evident, 
Stable materials 80-100%, 
Less than 5% of the bottom 
affected by scouring and 
denosition, 


(8) 















Bottom 


5-30% affected, Scour a 
constrictions and where 
grades steenen. Some 
deposition in pools. ‘% 
Common, Algal forms in low 
velocity & pool areas, Moss 

















Abundant, Growth largely 
moss-like, dark green, per- 
ennial. In swift water too. here too and swifter waters. 
EXCELLENT COLUMN TOTAL >| 2.4 GOOD COLUMN TOTAL —=}.29 | 


Add values in each column and record in spaces below. Add column scores. 


B2Y+C.2t+F.6+P.0 = ___ Total Reach Score. 
Adjective ratings :<38=Excellent, 5 Q 77-114=Fair, 115+=Poor* 
*(Scores above may be locally adjusted by Forest Hydrologist) 


Ri-Form 2500-5A Rev.1-75. Side 1. 
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INVENTORY DATA: (observed or measured on this date) Side 2 


Stream Width 6 FtsX Ave .Depth@,5 f£t.X Ave.Velocit /s= :© Fie cfs 
Reach Stream Turbidity. Stream Sinuosity 


Gradient 4 %; Order,3_, Level Low , StageLowl23) Ratio 


OP ered of: OO yatarS2 Others pl rw } Conductance YS Mhos __ 
Water-Qualit Sample Bottle tH Sy 


bility Indicators by Classes 5 a 
Stabili : eeu 


Key 

FAIR age] BS POOR_ 
Bank slope gradient 40-60%,] (6)]|Bank slope gradient 60%. (8) 
Moderate frequency & size, Frequent or large, Sears (12) 
with some raw spots eroded (9) Mec sed tip oe on eee 
j ter during high flows. imminent danger of same. 
oer pars Ch eA (6) Moderate to heavy amounts , (8) 
are both increasing. redominantly larger sizes. | 
50-70% density. Lower vigor <5 fe density plus tere: fiz) 
and still fewer species (9)I|species & less vigor indi- } 
form a somewhat shallow and cate poor, discontinuous, 
discontinuous root mass. and shallow root MASS 
Barely contains present Inadequate. Sk a 
peaks. Occassional overbank (3)|lcommon. w/D ratio > 25. 
floods. W/D ratio 15 to 2 
20 to 40%, with most, in 
the 3-6" diameter class. 
Moderately frequent, moder- 
ately unstable. obstructions 
& deflectors move with high (6) 
water causing bank cutting 
and filling of pools. 
Significant, Cuts 12"=2i"- 
high. Root mat overhangs 
and sloughing evident. 
Moderate deposition of new 
gravel & coarse sand on (12) 


old and some new bars. 


Corners & edges well round-' 
(3) 








Upper Banks 















il < 20% rock fragments of 
gravel sizes, 1-3" or less, 
Frequent obstructions and 
deflectors cause bank ero- 
Sion yearlong. Sediment 
traps full, channel 
migration occurring. 
Almost continuous cuts, 
some over 24" high. Fail- 
ure of overhangs frequent, 
Extensive deposits of pre- 
dominantly fine particles. 
Accelerated bar development. 
Well rounded in all. dimen- 
sions, surfaces smooth, 
Predominantely bright, 65%+, 

















Banks 



















(12) 












Lower 


i) 
t 
























(16) 
(16) 























ed_in two dimensions, _ 


















M exposed or scoured surfaces, 
(6) No packing evident. Loose (8) 
assortment, easily moved, 

Marked distribution change. 16 
: = Oe (12) Stable materials 0-20%. (16) 
3 30-50% affected. Deposits 
m & scour at obstructions, 






change nearly yearlong. 


Present but spotty, mostly Perennial types scarce or : 
jas Jin backwater areas. Season-| (3)j|absent. Yellow-green, a (4) 

al blooms make rocks slick, term bloom may be resent. 

FAIR COLUMN TOTAL —=| & | POOR COLUMN TOTAL—=-| © | 
Size Composition of Bottom Materials (Total to 100 

1 Exposed bedrock....s:..0ws. 5. Small rubble, 3 =6" oe + 230 h 
2. Large boulders, 3'+ Dia...._§ %|6. Coarse gravel, 1 eee Cw, 
3. Small boulders, 1-3'......./0.%|7. Fine gravel, Dit aan eignis 
4, large rubble, 6"-12"....... 8, Sand, silt, clay, muck.. T % 


oe 6 


constrictions, and bends, 
Some filling of pools. 


More than 50% of the bottom 
(18) in a state of flux or (21) 
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Amplification of the Stream Channel Evaluation Items 


. General 


Space on the field form permits only the very briefest 
description of the various components. This field booklet 
provides, in the text which follows, some of the basic 
rationale in support of these brief "kernels" or core 
thoughts. These explanations are arranged in the same order 
as they appear on the field form. 


The channel cross section igs subdivided into three components, 
to fecus your attention on the various indicators to be subjec- 
tively evaluated. Once again, you are cautioned not to "key in" 
on any one item or group of items. All that have been included 
are interralated and all must be used in an unbiased way to 
achieve consistent evaluations of the current situation. 


Stream channel ratings should not be attempted without 

the preparation provided by this Field Guide. The language 
of the text has been kept rather general to avoid limiting 
its use as a management tool to a small geographic area. 
These general descriptions, coupled with your local exper- 
tence, will stimulate mental images of indicator conditions 
which, when shared with fellow workers, will lead to consis- 
tent, reproducible ratings. 


Illustrations in the text should be considered general in nature 
and not specific for all situations. It is Suggested that local 
conditions be photographed and the pictures added to this Field 
Guide to achieve local uniformity. i 


A word of additional caution: Keep the scale of the .reach being 
evaluated in context with the scale of dimensions: given in the 

text and on the inventory form. Rating items were taylored for 

and best fit the 2nd to 4th order stream reaches. Very small, 
unbranched, first order, ségments will require a scaling down 

of sizes while the larger stream and river reaches will require 
some mental enlargement of the criteria given to fit the situation. 


STREAM ORDER CLASSIFICATION 
eT ADDL EL CAL LION 


First order streams are unbranched reaches found usually 
but not exclusively at the head of drainage basins. Second 
order reaches are formed when two or more first order, 
reaches come together and so on as tllustrated below. 
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Upper Channel Banks 


The land area immediately adjacent to the stream channel is 
normally and typically a terrestrial environment. Landforms 
vary from wide, flat, alluvial flood plains to the 

narrow, steep termini of mountain: slopes. Intermittently this 
dry land flood plain becomes a part of the water course. Forces 
of velocity and turbulence tear at the vegetation and land. 
These hydraulic forces, while relatively short lived, have 
great potential for producing onsite enlargements of the stream 
channel and downstream sedimentation damage. Resistance of the 
component elements on and in the bank are highly variable. This 2 
section is designed to aid in rating this relative resistence 

to detachment and transport by floods. 


ais 


A. lLandform Slope: The steepness of the land adjacent to the 
stream channel determines the lateral extent and ease to 
which banks can be eroded and the potential volume of 
slough which can enter the water. All other factors being 
equal, the steeper the land adjacent to the stream, the 
greater the potential volume of slough materials. 100 


The 60% limit for poor was selected as a conservative 
gravitational repose angle for unconsolidated soil 

materials. Slopes steeper than this are rated poor 

because they would erode into the stream by gravity 

alone, if denuded of their protecting vegetation. The 80 
other ratings built on this limit and are arbitrarily 

set as follows: 


1. Excellent: Side slopes to the channel are generally 
less than 30 percent on both banks. 





60 
2. Good: Side slopes up to 40% on one or occasionally 
both banks. \ 
3. Fair: Side slopes to 60% common on one or both banks: 
“a 
4. Poor: Steep slopes, over 60%, provide larger volumes 40 


of soil for downstream sedimentation for each incre- 
ment of lateral bank cutting. 


PERCENT SLOPE SCALE 


Hold this page at arms length..match the slope of the topography 
with the percent slope lines on the scale above. 


By 


Vv 


‘cutting power and sedimentation rates. 


see 


Mass Wasting Hazard This rating involves existing or 
potential detachment from the soil mantle and downslope 
movement into waterways of relatively large pieces of 
ground. Mass movement of banks by slumping or sliding 
introduces large volumes of soil and debris into the 
channel suddenly, causing constrictions or complete 
damming followed by increased stream. flow velocities, 
Conditions 
deteriorate in this element with proximity, frequency 
and size of the mass wasting areas and with progressively 
poorer internal drainage and steeper terrain: 


1. Excellent: There is no evidence of mass wasting that 
has or could reach the stream channel, 


2. Good: There is evidence of infrequent and/or very 
small slumps. Those that exist may occasionally be 
raw" but predominately the areas are revegetated 
and relatively stable. 





3. Fair: Frequency and/or magnitude of the mass wasting 
situation increases to the point where normal high water 
aggravates the problem of channel changes and subsequent 
undercutting of unstable areas with increased sedimen- 
tation. 


4. Poor: Mass wasting is not difficult to detect because 
of the frequency and/or size of existing problem areas 
or the proximity of banks are so close to potential 
slides that any increases in the flow would cut the toe and- 
may trigger slides of significant size to cause down- 
stream water quality problems for a number of years. 





Mass wasting of slopes directly into the stream channel. 
‘ 
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Debris Jam Potential Floatable objects are deposited on 

stream banks by man and as a natural. process of forest 

ecology. ‘By far, the bulk of this debris is natural in 

origin. Tree trunks, limbs, twigs, and leaves reaching & 
the channel form the bulk of the obstructions, flow deflec- 

tors, and sediment traps to be rated below. This inventory 

item assess the potential for increasing these impediments 

to ‘the natural direction and force of flow where they now « 
lay. It also includes the possibility of creating new 

debris jams under certain flow conditions. 


1. Excellent: Debris may be present on the banks, but 
is so situated or is of such a size, that the stream 
is not able to push or float it into the channel and, 
therefore, for all intents and purposes, it is absent. 
In truth, there may be none physically present. Both 
situations are rated the same. - 


2. Good: The debris present offers some bank protection 
for a while but is small enough to be floated away in 
time. Only small jams could be formed with this material 
alone. 


3. Fair: There is a noticeable accumulation of all sizes 
and the stream is large enough to float it away, at 
certain times, thus decreasing the bank protection and 
adding to the debris jam potential downstream. 


4. Poor: Moderate to heavy accumulations are present due 
to fires, insect attack, disease mortality, windthrow, 
or logging slash. High flows will float some debris 
away and the remainder will cause channel .changes. 


# 


PiCkine 


e materials 





A sertes of 
Like the one shown in the center of this photo 
cause this item to be nated "Poor". 


10. 





4, Poor; 
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Vegetative Bank Protection: The soil in banks is held in 
place largely by plant roots. Riparian plants have almost 
unlimited water for both crown and root development. Their 
root mats generally increase in density with proximity to 
the open channel, Trees and shrubs generally have deeper 
root systems than grasses and forbs. Roots seldom extend 
far into the water table, however, and near the shore of 
lakes and streams they may be comparatively shallow rooted. 
Some species are, therefore, subject to windthrow. 





In addition to ‘the benefits of the root mat in stabilizing 
the banks, the stems help to reduce the velocity of flood 
flows. Turbulence is generated by. stems in what may have 
been laminar flow. The seriousness of this energy release 
depends on the density of both overstory and understory 
vegetation. The greater the density of both, the more 
resistence displayed. Damage from turbulence is greatest 
at the bank edge and diminishes with distance from the 
normal channel. Other factors to consider, in addition to 
the density of stems, are the varieties of vegetation, the 
vigor of growth and the reproduction processes. Vegetal 
variety is more desirable than a monotypic plant community. 


Young plants, growing and reproducing vigorously, are better 
than old, decadent stands. 


1. Excellent: Trees, shrubs, grass and forbs combined 
cover more than 90 percent of the ground. Openings in 
this nearly complete cover are small and evenly dispersed. 
A variety of species and age classes are represented. 
Growth is vigorous and reproduction of species in both 
the under- and over-story is proceeding at a rate to 
insure continued ground cover conditions. A deep, 
dense root mat is inferred. 

2. Good: Plants cover 70 to 90 percent of the ground. 
Shrub species are more prevalent than trees. Openings 
in the tree canopy are larger than the space resulting 
from the loss of a single mature individual. While the 
growth vigor is generally good for all species, advanced 
reproduction may be sparse or lacking entirely. A deep 
root mat is not continuous and more serious erosive 
incursions are possible in the openings. 

3. Fair: Plant cover ranges from 50 to 70 percent. Lack 
of vigor is evident in some individuals and/or species. 
Seedling reproduction is nil. This condition is ranked 
fair, based primarlly m the percent of the area not 
covered by vegetation with a deep root mat potential 
and less on the kind of plants that make up the over- 
story. ' 

Less than 50 percent of the ground is covered. 

Trees are essentially absent. Shrubs largely exist 

in scattered clumps. Growth. and reproduction vigor 


is generally poor. Root mats discontinuous and 
shallow. 
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Lower Channel Banks 


The channel zone is located between the normal high water and 
low water lines. Both aquatic and terrestrial plants may 
grow here but normally their density is sparse. 


The lower channel banks, define the present stream width. 
Stability of these channel banks is indicated under.a 

given flow regimen by minor and almost imperceptable changes 

in channel width from year to year. In other words, encroach- 
ment of the water environment into the land environment is nil. 


Under conditions of increasing channel flow, the banks may 
weaken and both cutting (bank encroachment) and deposition 
(bank extension) begin, usually at bends and points of con- 
striction. Cutting is evidenced by steépening of the lower 
banks. Eventually the banks are undercut, followed by cracking 
and slumping. Deposition behind rocks or bank protrusions 
increase in length and depth. 


As the channel tis widened, it may also be deepened to 
accommodate the increased volume of flow. For convenience 
only, changes of channel bottoms are observed separately 
and last in this evaluation scheme. 


A. Channel Capacity: Channel width, depth, gradient, and 
roughness determine the volume of water which can be 
transmitted. Over time channel capacity has adjusted 
to the size of watershed above the reach. rated, to 
climate, and to changes of vegetation. Some indicators 
of change are widening and/or deepening of the channel 
which affects the ratio of width to depth. When the 
capacity is exceeded, deposits of soil are found on 
the banks and organic debris may be found hung up in 
the bank vegetation. These are ‘expressions of the 
most recent flood event. Indicators of conditions as 
recent as a year or two ago may be difficult or impossible 
to find, but do your best to estimate what normal peak flows 


are and whether the present cross section is adequate to 

handle the load without bank deterioration. 

1. Excellent: Cross sectional area is ample for present 
peak volumes plus some additional. if needed. Over 
bank fleods are rare. Width to depth ratio less than 
? fem = CGS union a> ae deep aa oe 

2. Good: Adequate cross sectional area contains most 
peak flows. Width to depth ratio 8 to 15. 
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3. Fair: Channel barely contains the peak runoff in 


average years or less. Width to depth ratios range 
ficom- 1S-to 25% 


4, Poor: Channel capacity generally inadequate. Over- 
bank floods quite common as indicated by kind and 
condition of the bank plants ‘and the position and 


accumulation of debris. Width to depth ratio 25 or 
‘more. : ; 


Bank Rock Content: Examination of the materials that 
make up the channel bank will reveal the relative 
resistence of/this component to detachment by flow forces. 
Since the banks are perennially and intermittently both 
aquatic and terrestrial environments, these sites are 
harsh for most plants that make up both types, Vege- 
tation is, therefore, generally lacking and it is the 
volume, size and shape of the rock component which pri- 
marily determine the resistence to flow forces. 


A soil pit need not be dug. Surface rock and exposed 
cut banks-will enable you to categorize this item as 
listed by percentage ranges on the field form. 


1. Excellent: Rock makes up 65% or more of the volume 
of the banks. Within this rock matrix large, 


angular boulders 12" (on their largest axis) are 
numerous. 


2. Good; Banks 40-65% rock which are mostly small 
boulders and cobble ranging in size from 6-12" 


mean diameter. Some may be rounded while others 
are angular. 


3. Fair: 20-40% of bank volume rock. While some big 


rock may be present, most fall into the 3-6" 
diameter class, 
\ 


4. Poor: Less than 20% rock fragments, mostly of 
gravel sizes 1-3" in diameter 


D legrame of Bank Rock Content 
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4 C. Obstructions and Flow Deflectors: Objects within the 


‘ stream channel, like large rocks, embedded logs, bridge C. Obstructions and Flow Deflectors (Continued) 

pilings, etc., change the direction of flow and some- ——— a on a 

i times the velocity as well. Obstructions may produce 1. Excellent: Logs, rocks, and other obstructions to 
i adverse stability effects when they increase the velocity : flow are firmly embedded and produce ipattern of 


aa 


and deflect the flow into unstable and unprotected banks 
and across unstable bottom materials. They also may pro- 
duce favorable impacts when velocity is decreased by 
turbulence and pools are formed. 


flow which does not erode the banks and bottom or 
cause sediment buildups. Pool riffle relationship 
stable. 


soo 


2. Good: Obstructions to flow and sediment traps are 





Sediment Traps: Channel obstructions which dam the flow present, causing cross currents which create some 

partly or wholly form pools or slack water ares The minor bank and bottom erosion. Some of the obstruc- 

pools lower the channel gradient. With this loss of tions are newer, not firmly embedded and move to 
energy the sediment transport power is greatly reduced. new locations during high flows. Some sediment is 
Coarse particles drop out first at the head of the pool. trapped in pools decreasing their capacity 

Some or all of the fine suspended particles may carry ; . 

on through. 3. Fair: Moderately frequent and quite often unstable 

j : *- obstructions, cause noticeable seasonal erosion of 
Embedded logs and large boulders can produce very stable the Ghaive 0 Considerable sediment accumulates be- 


natural dams which do not add to channel instability. 
Some debris dams and beaver dams, however, are quite un- 
stable and only serve to increase the severity of channel 4. Poor: Obstructions and traps so frequent they are 
damage when they break up. intervisible, often unstable to movement and cause 

a continual shift of sediments at all seasons. Since 


traps are filled as soon as formed, the channel migrates 
and widens. 


hind obstructions. 





The effectiveness of these sediment traps depends on’ pool 
length relative to entrance velocity. The swifter the 
current, the longer the pool needed to reach zero velocity. 
Turbulence caused by a falls at the head of the pool 
shortens the length required to reach zero velocity. 


How long these traps are effective depends on depth and 
width as well as pool length and, of course, the rate of 


sediment accretion. 


Items of vegetation growing in the water, like alders, 


~ willows, cattails, reeds, and sedges are also effective 
traps in some locations and reduce flow velocity and 
sediment carrying power. : 


= soe 





cs % Shik i Be eeu 
Same ‘Location.as shown on page 14, but Looking upstream. 
Obstruction Like this could become the nucleus of a debris jam. 






my 


. 4 s é f 
: ee iO Wis vias eae i vane i abl CW yeey 
Overturned shoreke become. obstructions and flow deflectors 
as shown here. If frequent in the reach, rate this item "Poor". 
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Cutting and Deposition are concommittent processes. Lo 

can't have one without the other. However, it is possible 

for each to be taking place in different reaches of the same 2 
stream at the same time, and hence the separation for classi- 
fication purposes which follows. 


D. Cutting: One of the first signs of channel degradation 
’ Would be a loss of aquatic vegetation by scouring or 
uprooting. Some channels are naturally devoid of aquatic 
plants and here the first stages would be an increase in 
the steepness of the channel banks. Beginning near the - 
top, and later extending in serious cases to the total . 
depth, the lower channel bank becomes a near vertical wall. 


—~— 


If plant roots bind the surface horizon of the adjacent 
upper bank.into a cohesive mass, undercutting will follow. 
This process continues until the weight of overhang 
causes the sod to crack and subsequently slump into 
the channel. Differential horizontal compaction and 
texture could also result in undercut banks éven with 
an absence of vegetative cover. ‘There are some loosely 
- consolidated banks that with or without vegetation are 
literally nibbled away, never developing much, if any, 
overhang. 


1. Excellent: Very little or no cutting is evident. 
Raw, eroding banks are infrequent, short and pre- 
dominately less than 6" high. 


2. Good: Some intermittent cutting along channel out- 
curves and at prominent constrictions. Eroded areas 
are equivalent in length to one channel width or eee 
and the vertical cuts are predominately less than 12’. 

2 





3. Fair: Significant bank cutting occurs frequently 

in the reach. Raw vertical banks 12" .to 24" high are 

prevalent as are root mat overhangs and sloughing. “ 
4. Poor: Nearly continuous bank cutting. Some reaches 


have vertical cut faces over 2 feet high... Undercutting, 
sod-root overhangs. and vertical side failures may also én 
be frequent in the rated reach. 


wt 
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Deposition: Lower bank channel areas are generally the 
steeper. portions of the wetted perimeter and may 
be rather narrow strips of land that offer slight oppor- 
tunity for deposition. . Exceptions to this statement 
abound since deposition is often noted.on the lee side 

of large rocks and log deflectors which form natural 
jetties. However, these deposits tend to be short and 
narrow. On the less steep, lower ‘banks, deposition during 
recession from peak flows can be quite large. The appear- 
ance of sand and gravel bars where they did not previously 
exist may be one of the first signs of upstream erosion. 
These bars tend to grow, primarily in depth and length, 
with continued watershed disturbance(s). Width chdnges 
aré in a shoreward direction-as overflow deposition takes 
place on the upper banks. Dimensional deposition "growth" 
is limited by the size and orientation of the obstructions 
to flow along the channel banks, flow velocity and a con- 
tinuing upstream sediment supply. 


Deposition may also occur on the inside radii of bends, 
particularly if active cutting is taking place on the 
opposite shore. Also, deposits are found below constric-— 
tions or where there is a sudden flattening of stream 
gradient as occurs upstream above geologic nic points. 


1. Excellent: Very little or no deposition of fresh 
silt, sand or gravel in channel bars in straight 
reaches or point bars on the inside banks of curved 
reaches. 


2. Good: Some fresh deposits on bars and behind obstruc- 
tions. Sizes tend to be predominately from the larger 
size classes - coarse gravels. a 


3. Fair: Deposits of fresh, coarse sands and gravels 
observed with moderate frequency. Bars are enlarging 
and pools are filling so riffle areas predominate. 


4. Poor: Extensive deposits of predominately fresh, 
fine sands, some silts, and small gravels. Acceler- 
ated bar development common. Storage areas are now 


full and sediments are moving even during low flow 
periods. : 
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Channel Bottom 


Water flows over the channel bottom nearly all of the time 
in perennial streams. It is, therefore, almost totally an 
aquatic environment , composed of inorganic rock constituents 
found in an infinite variety of kinds, shapes, and sizes. 

It is also a complex biological community of plant and 
animal life. This latter component is more difficult to 
discern and may'in fact, at times and places, be totally 


lacking. 


Both components, by their appearance alone and in combination, 
offer clues to the stability of the stream bottom. They are 
arbitrarily separated and individually rated for convenience 
and emphasis during the evaluation process. Because of the 
high reliance on the visual sense, inventory work is best 
accomplished during the low flow season and when the water 

is free of suspended or dissolved substances. If ratings 
must be made in high flow periods, sounds of movement may 

be the only clue as to the state of flux on the bottom. 


A. Angularity: Rocks from stratified, metamorphic form- 
ations break out and work their way into channels as 
angular fragments that resist tumbling. Their sharp 
corners and edges wear and are rounded in time, but 
they resist the tumbling motion. These angular rocks 
pack together well and may orient themselves like 
shingles (imbricated). In this configuration they are 
resistant to detachment. 


In contrast, igneous rocks often produce fragments that 
round up quickly, pack poorly and are easily detached 


and moved downstream. 

Excellent to Poor ratings relate to the amount of round- 
ing exhibited and, secondarily, the smoothness or polish 
the surfaces have achieved. Some rocks never do smooth 
up in the natural environment, but most round up in time, 
Both conditions, of course, are relative within the 
inherent capability of the respective rock types. 
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Subangular Rounded 


Angular . 18 








Mostly Bright 
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Brightness: Rocks in motion "gather no moss", algae 

or stain either, They become polished by fee 
tumbling and, as a general rule, appear brighter in 
their chroma values than similar rocks which have 
remained stationary. The degree of staining and vege- 
tative growths relate also to water temperature ee 
nutrient levels, etc. In some areas a "bright" rock will 
be dulled" in a matter of weeks or months. In anoth 

it may take years to-achieve the same results. Neweee~ 
theless, even slight changes during the spring runoff 
should be detectable during the next’ summer's surve 

Look first for changes in the sands and gravels. ve 


ile pec e ent Less than 5% of the total bottom should 
e bright, newly polished and exposed surfaces. 
Most will be covered by growths or a film of organic 


stain. Stains may also be fr a 
om 
{neha WoreEs minerals dissolved 


Zi. Goods *5 to 35% of the bottom appears brighter 
some of which may be on the larger rock gizéson f 


Bie Fair: BDOUE a 50-50 mixture of bright and dull 
with a 15% leeway in either direction (i.e., a 
range of from 35 to 65% bright materials). ; 


4. Poor: Bright, freshly exposed rock surfaces pre- 
dominate with two-thirds or more of the bottom 
materials in motion recently. 
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Consolidation (Particle Packing): pote aE eee Fae ae ‘ 
the array of rock and soil, particle Ships pack ie tes 
nents tend to ove 
Voids are filled. Larger compo Ceres 
inf So arranged, the bottom 
shingles (imbricate). ip recnes 
i ional flow forces. 
resistent to even except . a 
bile to this packing 
ranitics) are less amena 
elie never reach the stable state of others like 


the Belt Series rocks. 


1 Excellent: An array of sizes are tightly Ree’ 
and wedged with much overlapping which makes it 
difficult to dislodge by kicking. 


2 Good: Moderately tight pectinget Peet cee 
fast water parts of the cross a aes Piiticea 
i a ight be slo 
erlapping rocks. These mig ; 
hee chen average flow conditions, however. 


i ithout any pattern of 
. Fair: Moderately loose wit 
: overlapping. Most elements might be moved by 
average high flow conditions. 





4. Poor: Rocks in loose array, moved easily Dy ee 
than. high flow conditions and move ote pee 
walking across the bottom. The shape of t =e i 
rocks tends to be predominantly round and sorte 
so that most are of similar size. 





Excellent 





Side Views of Substrate 
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Bottom Size Distribution and Percent Stable Materials: 
eee ton and fercent otable Materials 


Rocks remaining on a stream's bottom reflect the geologic 
sources within the basin and the flow forces of the past. 
Normally, there is an array of sizes that you expect to 
see in any given local. After a little experience, you 
begin to "sense" abnormal situations. Generally, in the 
mature topography typical of the Northern Region of the 
Forest Service and much of the other western Regions as 
well, the flow in the small, steep upper stream reaches 
is sufficient to wash the soil separates and some of the 
gravels away. What remains is a gravelly, cobbly stream 


‘ bottom. In the lower reaches where the gradient is less 


and flow is often slower, deposition of the "fines" 
eroded above begin to drop out. The separates of sand, 
silt, and some clay begin to cover the coarser elements. 
Except where trapped in still water areas, these fines 
tend to be in constant motion to ever lower elevations. 


Two elements of bottom stability are rated in this item: 
(1) Changes or shifts from the natural variation of com- 
ponent size classes and (2) the percentage ofall com- 
ponents which are judged to be stable materials. Bed- 
rock, large boulders, and cobble stones ranging in size 
from one to three feet or more in diameter are considered 
"stable" elements in the average situation. Obviously, 
smaller rocks in smaller channels might also be classed 
as stable. The sizes are given only to guide thought. 
Bedrock as a major component of bottom and banks, no 
matter what size the channel or how the other elements 


rate, always results in an excellent classification of 
that reach. 


1. Excellent: There is no noticeable change in size 
distribution. The rock mixture appears to be nor- 
mal for the kind of geologic sources in the basin 
and the flow forces of streams of this size and 
location in the watershed. 


If a shift or change has taken place so there are 
greater percentages of large rock in the small 
streams and smaller sizes in large streams, the 
condition class most appropriate should be checked, 
It is a matter of degree as follows: 


(Stable Materials 80-100%). 
2. Good: Slight shift in either direction. 


(Stable Materials 50-80%). 


3. Fair: Moderate shift in size classes, 


(Stable Materials 20-50%). 
4. Poor: Marked, a pronounced shift. 
(Stable Materials less than 20%). [ 
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Scouring and/or Deposition: Items of size, angularity 
and brightness already rated above should lead you to 
some conclusions as to the-amount of scouring and/or 
deposition that is taking place along the channel bottom. 





1. Excellent: Neither scouring nordeposition is much 
in evidence. Up to 5% of either or a combination 
of both may be present along the length of the 
reach; i.e., 0-5 feet in 100 feet of channel length. 


2. Good: Affected length ranges from 5 to 30%. Cuts 
are found mostly at channel constrictions or where 
the gradient steepens. Deposition is in pools and 
backwater areas, Sediment in pools tends to move 
on through so pools change only slightly in depth 
but greatly in composition of their size classes. 


3. Fair: Moderate changes are occurring. 30 to 50% 
of the bottom is in a state of flux. Cutting is 
taking place below obstructions, at constrictions 
and on steep grades. Deposits in pools now tend to 
fill the pool and decrease their size. 


4. Poor: Both cutting and deposition are common; 50% 
plus of the bottom is moving not only during high 
flow periods but at most seasons of the year. 








Zone of Scour 





Deposition ————>=— 





Sy 


Aquatic Vegetation: When some measure of stabilization 
of the soil-rock components is achieved, the channel 
bottom becomes fit habitat for plant and animal life. 
This process begins in the slack water areas and eventu- 
ally may include the swift water portions of the stream 
cross section. With a change in volume of flow and/or 
sedimentation rates, there may also be a temporary loss 
of the living elements in the aquatic environment. This 
last item attempts to assess the one macro-—aquatic bio- 
mass indicator found to best express. a change in channel 
stability. 


Clinging Moss and Algae: These lower plant forms do not 


have roots but cling to the substrate. They are low 
growing and may first appear as a green to yellow-green 
slick spot on the bottom rocks. Moss plants continue 
with slight variation in color but no great change in 

mass form season to season. Algae by contrast have a 
peak of growth activity and then die off in great numbers. 
The slippery conditions they produce persist after death, 
however. 


Both algae and moss inhabit the swift water areas as well 
as the quiet pools and backwater portions of the stream 
bottom. 


1. Excellent: Clinging plants are abundant throughout 
the reach from bank to bank. A continuous mat of 
vegetation is not required but moss and/or algae 
are readily seen in all directions across the stream. 


2. Good: Plants are quite common in the slower portions 
of the reach but thin out or are absent in the swift 
flowing portions of the stream. 


3. Fair: Plants are found but their occurrence is 
spotty. They are almost totally absent from rocks 
in the swifter portions of the reach and may also 
be Absent in some of the slow and still water areas. 

4. Poor: Clinging plants are rarely found anywhere in 

the reach. (This is an unusual situation but could 
happen under a combination of adverse environmental 

conditions) 
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Management Implications 


After beating the brush, getting your feet wet and fighting 
insects, you have established a series of channel ratings. 


You may now ask, "What do these numbers mean and how are they 


used in making a management decision?",: 


By now you know this subject is complicated and precludes 
indepth answers’ here. The following brief answers may 
satsify you or they may raise more questions. When this 
happens, it's time to consult your Forest hydrologist for 
detailed, specific answers. 


The numbers and the adjective ratings they relate to 
mean what they say. A stream channel seach that rates 
"poor" has a combination of attributes that will require 
more judicious upstream management of the tributary 
watershed lands than one rated "excellent". This rating 
procedure was not designed to fix blame for poor land 


and water management or to reward good management, although, 


in time, it could be used for this purpose. Before passing 
judgment, be aware that natural, undistrubed watersheds may 
exhibit poor hydologic conditions. Conversely, a highly 
developed and used watershed may have a drainage network in 
good hydologic shape, The rating system will therefore 


have the most value to land managers who have definite water 


management goals, who can relate these to impacts of other 


resource uses and activities, who understand natural limita-— 
tions, and whoare willing and able to use the system to define 


the risks they .are willing to take to maintain or alter the 
status quo. 


One use of this rating system is to assess conditions and 
define impacts along short reaches of stream. Channel 
conditions can be evaluated in terms of stream stability 
and potential for damaging water quality at culvert and 
bridge sites, at campgrounds and administrative sites or 
wherever livestock and wildlife concentrate near or across 
a water course. A channel rated "poor" at a culvert site, 
for example, cannot withstand as much constriction or 
gradient change as one rated "good". Armed with this 
additional knowledge, the decision could be to change 
locations, redesign the intallation or select a different 
type of structure to protect the ‘aquatic habitat. 


The primary use of this system is to assess entire channel 
systems within a watershed ‘and to use the results in 
conjunction with ‘other. hydrologic analyses to augment 
silvicultural prescriptions, Rapid changes in the density 
and areal extent of vegetation ona watershed can increase 
stream discharges. Channel systems rated "excéllent" 


Ba) 








can withstand these increases with less damage than 
systems rated "poor". ''Poor' systems can withstand 
gradual changes better than abrupt changes in the 


discharge regimen. 


To calculate an overall rating for a stream system, (1) 


‘multiply the length of each reach by its numeric rating, 


(2) add the weighted products of all reaches in the system 
and (3) divide by the total length of the system. 


Tor example: 


Reach A : 3.2 miles x 80 (fair) = 256 
Reach B_ : O.5 miles x 100 (poor) 50 


Reach C : 2.0 miles x 40 (good) = 80 


i] 


Total : 5.7 miles 386 
Stream system average: 386 + 5.7 = 68 (Good) 


Land and water should not be managed on the basis of 
averages. ‘In the above example, the stream system is 
composed of three reaches which rate "good" on the 
average, but a "weak link" has been identified. Reach 

B is in "poor" condition. One of the obvious uses of 
this system is to identify "weak links" and to discover 
what, if any, opportunity exists to correct the condition. 
It matters little if the damaged area is natural or man- 
caused. The discovery of "weak links" should reasonably 
alter upstream land management. to the extent necessary 
to achieve stated land and water management objectives. 


The procedures should ultimately serve as a check and 

a measure of management success. The net effects of 
each new increment of change within the watershed 
management unit will ultimately be expressed in the 
condition of the stream channel responding to a new 
hydraulic regimen. Prudent managers will seek these 
trend data by periodic reappraisal of channel conditions 
and respond to adverse changes before impacts. to the 
water resource become unacceptable and unalterable. 
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This Large stream channel reach 
would be rated "excellent" overall. 
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“AB ‘TRACT: The designs of stream channel naturalization, rehabil- 
jtation, and restoration projects are inherently fraught with uncer- 
tainty. Although a systematic approach to design can be described, 
‘the likelihood of success or failure of the design is unknown due to 
‘uncertainties within the design and implementation process. In 
‘this paper, a method for incorporating uncertainty in decision-mak- 
ing during the design phase is presented that uses a decision analy- 
sis method known as Failure Modes and Effects Analysis (FMEA). 
{The approach is applied to a channel rehabilitation project in 
north-central Pennsylvania. FMEA considers risk in terms of the 
likelihood of a component failure, the consequences of failure, and 
the level of difficulty required to detect failure. Ratings developed 
. part of the FMEA can provide justification for decision making 
Hetermining design components that require particular attention 
prevent failure of the project and the appropriate compensating 
actions to be taken. 

(KEY TERMS: decision making; hydraulics; stream restoration; 
design: uncertainty, failure; adaptive management.) 


INTRODUCTION 


. Stream restoration, rehabilitation, and stabiliza- 
~-tion projects are being planned, designed, and con- 
> = Structed at an increasing rate in locations all across 
the country. Guidelines for designing these projects 
-..° are often vague and qualitative in their approach. In 
- Many cases, the lack of definitive design procedures 
has resulted in frustration, excessive costs, and poor 
results.Engineering design:is a systematic process 
that provides a framework for achieving design objec- 
tives. The design process includes the following steps: 
problem definition, solution creation, analysis of solu- 
tions, solution evaluation, problem resolution, and 
solution implementation. 
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For stream restoration, this type of systematic 
approach results in the following set of steps: 


1. Define the problem by assessing channel stabili- 
ty and habitat conditions, setting clear and specific 
objectives for the project, and assessing risks and con- 
straints. 


2. Create solutions by determining design alterna- 
tives to achieve objectives. 


3. Investigate solutions by collecting and analyzing 
the required data to determine the design loads and 
parameters. 


4. Evaluate the solution by determining possible 
upstream and downstream impacts for each design 
and by eliminating alternatives based on risk, con- 
straints, and impacts. 


5. Finalize the design based on the best alternative 
according to the solution evaluation. 


6. Implement the solution and develop a monitor- 
ing plan. 


Although the design process is conceptually 
traightforward, there are many factors in stream 
modification designs that complicate this process. 
Some of these factors include: (1) objectives are often 
vague and, thus, it is difficult to develop specific solu- 
tion alternatives that would achieve the objective; 
(2) interference in the design caused by road crossings 
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is quite common, especially in urban and suburban 
areas; (3) other urban constraints, such as lack of lat- 
eral easement and existing infrastructure (e.g., water 
lines, sewer lines, and culverts), do not permit the 
design of a naturalized stable channel; (4) each 
restoration site is unique and the underlying causes 
of the observed disturbance are often complex and dif- 
ficult to unravel so that a single set of design guide- 
lines is unable to globally address issues at a given 
site; (5) river restoration projects are, or should be, 
highly interdisciplinary, often resulting in communi- 
cation problems between the disciplines; (6) geomor- 
phic and ecologic responses and time frames for 
responses to a given design are complex and difficult 
to predict; and (7) existing problems are often due to 
multiple causes. 

The lack of definitive design guidelines and the 
complexity of the geomorphic and ecologic system 
result in a relatively high degree of uncertainty in 
modifying a stream. Adaptive management was 
developed as a method to make informed decisions 
regarding river restoration that embrace uncertainty 
(Holling, 1978; Walters, 1986). Adaptive management 
is based on formal experimentation (as opposed to 
trial-and-error), attention to scientific uncertainties 
in processes and responses, and experimental design 
and hypothesis testing to reduce uncertainties (NRC, 
1999). In addition, adaptive management uses infor- 
mation gained through careful monitoring of the 
restoration site to guide future decisions. Thus, a cen- 
tral component of designing and adaptively managing 
a stream restoration project is acknowledgment of the 
uncertainty, and thereby risk, in our understanding of 
the complex system. In this paper the sources of 
uncertainty and the impact on stream restoration 
design are described. Methods for incorporating 
uncertainty are also presented. 


SOURCES OF UNCERTAINTY 


Adaptive management evolved from the notion that 
stream restoration is often replete with uncertainty in 
all phases of the restoration project, including design, 
implementation, and monitoring. Adaptive manage- 
ment embraces these uncertainties for making deci- 
sions during all three phases (Walters, 1986; McLain 
and Lee, 1996; Thom, 1997; Kershner, 1997). Uncer- 
tainty primarily results from our lack of knowledge; it 
is generally reduced as our knowledge and under- 
standing of complex river processes and responses 
increase. Uncertainty leads to a risk of failure and so 
it is critical that it is acknowledged in stream restora- 
tion activities. 
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There are several broad categories of uncertain i: 
that are common to any design process. Tad | 
include: 

¢ Model Uncertainty. This results from attempt- 
ing to describe a complex physical process or 
phenomenon through the use of a simplified mathe- 
matical expression. Examples of models used in 
stream restoration designs include regional regres- 
sion equations, sediment transport equations, and 
ecological response models. 


e Parameter Uncertainty. This type of uncer- 
tainty results from difficulties in estimating model 
parameters. For example, Manning's roughness coeffi- 
cient and dominant discharge are two common stream 
design parameters that cannot be measured directly, 
therefore, they must “be estimated or assumed. The 
result is parameter uncertainty. 


¢ Randomness. Natural (or inherent) random- 
ness 1s a source of uncertainty that includes random 
fluctuation in parameters, such as flow discharges 
and velocities. 


e Human Error. There is always potential for : 
human error in design and in the actual implemen 
tion of a design. This type of uncertainty includes c 
culation and construction errors. 


In a stream restoration design, there are many — 
individual factors which contribute to each of these 
categories of uncertainty, thereby decreasing the reli- 
ability of the design (Johnson, 1996; Johnsen and ~ 
Rinaldi, 1998). Specific sources of uncertainty are 
described below. 


Ecosystem and Physical System Modeling 


Models are used in the stream restoration process 
for two primary purposes: design and response predic- 
tions. Equations and models are used in the design 
process to quantify any number of parameters, includ- 
ing cross sectional geometry, planform geometry, sedi 
ment transport, shear stresses within the channel ~ 
and on the floodplain, and velocities and flow depths..- 
for a range of flow conditions. Response models aré 
used to calculate the physical or ecological response to. 
changes in the physical system, such as the stability” 
of a channel, the long-term sediment transport condi. a 
tions, and local scour and fill patterns. Regardless Oa 
the purpose, all of these models are mathematic 
representations, and typically simplifications, of co™ 
plex physical processes and phenomena. Most of the 
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ls are either semi-empirical or completely empir- 
J ind, as such, are based on data from specific 
regions, watersheds, or reaches. Thus, while the mod- 
els may work well for certain situations or settings, 
hey may work poorly for others. In addition, a full 
= “un nderstanding of these complex phenomena has not 
He been achieved. The result is that there are no models 
that can accurately predict all of the responses to 
i change in the physical system for all settings and con- 
| <<ditions. Therefore, varying degrees of uncertainty are 
13 associated with the use of these models. Generally 


| S3sp 
: source of uncertainty. 


| Restoration Objectives 


~~ Setting objectives for any design is required so that 
the purpose of the design can be met. In stream 
restoration projects, the objectives are often vague 
because of the difficulty in setting specific, measur- 
able objectives. Thus, vague objectives, such as 
improvement of the aquatic or riparian habitat, physi- 
cal stability of the stream, or aesthetic qualities of the 
stream corridor, are often stated as the project objec- 
s. To set more specific objectives than these, the 
ition of improvement or stability in the physical 
sypvem and ecosystem must be clearly articulated. 
For example, a stated objective might be to improve 
the aquatic habitat. This vague objective does not 
_ =-indicate a measurable goal, such as a specific desired 
_ = eduction in water temperature, an increase in flow 
_ -~ diversity, or an increase in the diversity or number of 
| species. Another common objective is to create a sta- 
_ = ble channel. In this case, acceptable levels of bank 
| - and bed erosion and lateral migration should be clear- 
___ly stated in terms of a magnitude per year or other 
quantity, particularly where urban and suburban 
_. development is limiting the river's lateral movement. 
. Without specific objectives, the design success in 
achieving the objectives will be unknown. Clearly 
- defined objectives are also required for meaningful 
monitoring following the construction of the project 
~ Site so that monitoring data can be used to assess the 
Success or failure of the project. 


Vague Definitions 


RN PN we eR omar 80 8 ae) a ere ea 


Tied to the ability to set clear, specific objectives is 
the problem of defining various terms that describe 
ecologic or physical condition of a stream. For 
PAple, vague definitions can be given for channel 
Stability, ecologic diversity, and project failure. How- 
ver, providing specific, measurable definitions such 
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that the response and outcome of the project can be 
measured and a degree of success can be associated 
with the level of achievement of these terms is far 
more difficult. Thus, uncertainty exists because there 
is an inability to accurately define important terms 
that are used to assess the state of the stream cormi- 
dor. 


Vague Design Procedures and Guidelines 


Rosgen and Fittante (1986) propose that failures of 
instream habitat improvement projects are due in 
part to the lack of field experience and documented 
procedural guidelines for using these methods. 
Although stream restoration guidelines have been 
established by several government agencies, they are 
often rather vague and rarely differentiate between 
varying physiographic and geologic conditions. Most 
manuals describe the design process qualitatively or 
quantitatively or both. However, the causes of the 
problems in a given stream corridor are numerous 
and complex and the remedy will vary by geologic and 
physiographic regions as well as the level of urbaniza- 
tion. Given the uniqueness of each restoration site 
and the inability to quantify the response of the sys- 
tem to changes, it remains that a well designed 
restoration project requires field experience as well as 
design procedures. Thus, there is considerable uncer- 
tainty due to an inability to incorporate experiential 
understanding of complex river systems into the 
design guidelines. 


Parameter Estimation 


Parameter uncertainty results from an inability to 
accurately assess parameters and coefficients 
required in models. There are a variety of parameters 
associated with river restoration that are difficult to 
estimate with certainty. A few examples include the 
bankfull elevation and width, asymmetric and irregu- 
lar meander dimensions, and the roughness coeffi- 
cient or friction factor. Approximate or average values 
are commonly used for these parameters which may 
lead to a somewhat inappropriate and uncertain 
design. 


Monitoring 


Monitoring is an essential component of any 
stream restoration project and adaptive management 
schemes. Data acquired during monitoring are used 
to determine the degree of success of the restoration 
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project and to provide input into additional remedies. 
However, there is considerable uncertainty in the 
monitoring process. It is unclear how many data, 
what types of data, and what locations should be 
monitored following construction of the restoration 
project. When data are collected, they are analyzed to 
assess the health and success or failure of the project. 
Because the objectives are frequently vague, it is diffi- 
cult to interpret the results of the data analyses in 
terms of success or failure or the need for further 
modifications. It is also not readily apparent when 
and for what hydrologic events monitoring should 
take place. Should a stream be monitored during a 
rising/falling hydrograph or after the hydrologic event 
when the flood waters have receded? Many county 
and state jurisdictions have policies that require 
three to five years of post-construction monitoring. 
The selection of the monitoring duration is somewhat 
arbitrary, but tends to be the length of time over 
which streams make their primary adjustments to 
their new planform, cross-sectional geometry, and in- 
stream measures. However, there is much disagree- 
ment as to the appropriate length of time for 
monitoring activities. Thus, uncertainty in monitoring 
protocol yields uncertainty in assessing whether the 
objectives have been met and in the implementation 
of further remedies. 


Scale 


There are several issues related to scale in stream 
restoration. First, many stream restoration tech- 
niques discussed in the literature and in design 
guidelines are developed for small to moderate 
streams. The ability to transfer those design practices 
from one scale to another has not been well estab- 
lished. Therefore, the likelihood of the implementa- 
tion of these techniques on larger rivers is unknown 
and fraught with uncertainty. 

A second source of uncertainty is related to the 
scale over which the restoration is performed. Often, 
restoration efforts cannot be performed over the 
entire length of the river due to various constraints 
and limitations. Thus, decisions must be made 
regarding the locations and extent of restoration sites. 
The reach lengths and proximity of the disjointed 
reaches to each other, in part, dictate whether or not 
the restoration will succeed in creating a self-sustain- 
ing, resilient stream channel. However, the optimum 
reach lengths and spacings are unknown and, thus, 
contribute to the overall uncertainty. 
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Climate Change 


It is well established that climatic changes are - 
occurring in large areas around the world due to both » 
natural and human-induced activities. The effects of - 
climatic changes can include increases or decreases in 
air temperature and changes in hydrologic regimes, 
The effect of such climatic changes on the ability of a * 
stream restoration project to continue to be self-sus. - 
taining over a long period of time is unknown. Ip | 
addition, the direction and magnitude of the change is 
unknown and is a subject of great debate. 


Land Use Changes 


Changes in land use within a given watershed © 
often result in a change in the boundary conditions, © 
i.e., the flow and sediment discharges delivered to a- 
river reach. For example, a change from agricultural.” 
to urban or suburban may result in an increase in. 
flow discharge and a decrease in sediment discharge 
If these changes take place during the restoration ~ 
design and implementation, the result may be failure: 
or partial failure of the project. In addition, changes. 
in the boundary conditions in the years following 
restoration implementation can also result in t 
eventual failure of the project. It is difficult to include ~ 
the expected boundary condition changes in the 
restoration design since the restoration must be pri- 
marily designed for current conditions so that it does. : 
not experience instability. Thus, uncertainty in future ~ 
land use changes and uncertainty in the method for 
incorporating expected land use changes results in 
uncertainty in the overall design. 








Construction and Implementation Practices 


There are a number of sources of uncertainty. 
involved in the implementation of a restoration pro- © 
ject. An experienced construction crew can markedly | 
improve the likelihood of success of a project. Many _ 
problems are encountered in the field that may be 
overlooked in the design phase which will then — 
require experienced personnel to solve on site. In. 
addition, inadequate supervision of the construction 
project by the design team can lead to inappropriate 
decision making on site. Human error in-measure- . 
ment, placement of measures, or excavation can also” 
lead to partial or complete failure of the project. It 18 
always difficult to account for human error in a P 
ject design; however, this type of uncertainty can». 
reduced by assuring that the field crew is experiencee — 
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)) that there is constant communication between 
crew and the designer. 
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INCORPORATING UNCERTAINTY 
INTO DESIGN 


Jt is not a trivial matter to quantify uncertainty. 
Methods, such as first-order analyses and Monte 
‘arlo simulation, are frequently used to compute 
incertainty. For these methods, a mathematical 
model, coefficients of variation, probability distribu- 
ions, and joint probability distributions are required. 
Many of the sources of uncertainty described above 





ncorporated into a model predicting system response. 
~Jn addition, models are not available for many aspects 
of stream restoration, such as the quantification of 
“channel response to a disturbance. Qualitative models 
“may exist, but it is difficult to associate a quantitative 
~yalue to these models. 

-.. An alternative to the direct calculation of uncer- 
tainty is to include it in the decision-making process. 
3 Incorporating uncertainty into decisions regarding 
scam restoration design, implementation, and moni- 
= he is a key component of adaptive management. 
| - -;mbracing uncertainty allows the restoration practi- 
| ~--tioner to incorporate or at least consider multiple 
| — causes of existing problems or to consider multiple 
~- hypotheses. It may also help to reduce the costs of 
. restoration projects in that the projects will be less 
~ likely to have to be redesigned or reconstructed. if 
- multiple hypotheses are considered initially. 

There are a number of methods available for quali- 
tatively, semi-quantitatively, or quantitatively assess- 
ing the causes and effects of a wide variety of factors 
in uncertain, complex systems and for making deci- 
sions in light of uncertainty. These methods, including 
fault tree analysis, decision trees, and failure modes 
and effects analysis (FMEA), are based on analyses of 
failures. A potential failure can be affiliated with a 
failure cause, a failure mode, and a failure effect, 
although these are sometimes very unclear and diffi- 
cult to define in real-life situations (Rao, 1993). A fail- 
ure mode is the manner in which a system or system 
component may fail to meet design intent (Bluvband 
and Zilberberg, 1998). For a failure mode analysis of 
any type, it is of paramount importance to first define 
what constitutes a system failure (Krasich, 2000). 

In the context of river and stream modification 

ion, failure modes may bring about functional or 
yictural failures, thereby jeopardizing project goals 
and objectives. A structural failure is identified as a 
collapse of the physical system or components of the 
System sufficient to prevent fulfillment of the design 
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are not readily quantifiable and cannot be directly | 
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objectives. A functional failure implies that the pro- 
ject objectives cannot be realized due to the ineffec- 
tiveness of the design, although the structure or form 
may be intact and in place. Since the fulfillment of 
structural objectives is a prerequisite to other restora- 
tion and stabilization targets, the occurrence of struc- 
tural failures will be the focus of this paper. 


Fault Tree Analysis 


Many failure phenomena can.be systematized as a 
chain or hierarchy of events, thereby linking causes of 
some events to the effects of others (Rao, 1993). Ulti- 
mately, a detailed hierarchy of contributing events to 
the top-level system failure event can be established. 
A fault tree is a diagrammatic representation of these 
relationships among component-level failures and 
system-level undesired events. Fault tree analysis is a 
structured procedure used to graphically define the 
hierarchical relationships among a system failure and 
component failure modes. A fault tree can assist in 
the identification of paths to failure and can be used 
to single out critical events. Fault trees also can be 
used to assess the probability of failure for the system 
(or top event), to compare design alternatives, to iden- 
tify critical events that will significantly contribute to 
the occurrence of the top event, and to determine the 
sensitivity of the probability of failure of the top event 
to various contributions of basic events. Fault tree 
analysis has been implemented to model a variety of 
engineering applications including the causes of con- 
struction falls (Hadipriono, 1992), bridge failures 
resulting from scour and stream instability (Johnson, 
1999), failure of urban infrastructure following 
stream restoration (Hess and Johnson, 2001) and the 
failure of coastal flood protection measures (Vrijling, 
1993), 

Fault tree analyses can be either qualitative or 
quantitative, depending on the desired output. Quali- 


tative analyses provide information about the impor- 


tance of the basic events. Cut sets are commonly used 
for this type of analysis. A cut set is a combination of 
terminal events that is sufficient-to cause an occur- 
rence of the top event (Sundararajan, 1991; Ayyub 
and McCuen, 1997). In other words, if all terminal 
events in a cut set occur, then the top event will occur. 
A minimal cut set is defined as the smallest subset 
that is sufficient and necessary to cause the occur- 
rence of the top event. In a quantitative fault tree 
analysis, the top event is related to subevents and 
basic faults through gates representing mathematical 
operations for combining the probabilities of those 
events. The calculation of the probability of occur- 
rence of the top event is is a function of the probabili- 
ties of the basic events and the type of gate. If all 


JAWRA 


Johnson and Brown 


events in a fault tree are independent, then the calcu- 
lations are straightforward. However, if some of the 
events are dependent, then information regarding the 
conditional probabilities is required. 

There are several drawbacks to the use of fault tree 
analysis for complex systems, such as a river system. 
First, a quantitative analysis requires probabilities of 
occurrences for all events contributing to failure as 
well as conditional probabilities for dependent vari- 
ables. These are rarely known in river systems. Sec- 
ond, for very complex systems that require large fault 
trees, it is possible to overlook or miss failure modes 
(Sundararajan, 1991). In this case, the probability of 
occurrence of the top event or other events could be 
nonconservative. Third, there are only two possibili- 
ties of the occurrence of any event; the event either 
occurs or it does not. Fuzzy or changing failure modes 
cannot be readily accounted for. 


Decision Trees 


Decision trees, commonly used in engineering and 
management applications to evaluate and reduce risk, 
are ideally suited to choosing an optimal alternative 


or option for a system design or problem. Used in this 


context, alternatives refer to choices or decisions and 
should not be confused with physical system compo- 
nents such as bank stabilization alternatives. To 
achieve this goal, decision trees can be used to effec- 
tively evaluate the consequences of a sequence of deci- 
sions (i.e., list of feasible alternatives or options) by 
calculating corresponding probability assignments 
and resulting utility values to be used for the purpose 
of comparison (Ang and Tang, 1984). Ultimately, the 
decision as to which alternative is superior depends 
on the relative utility values calculated for all poten- 
tial outcomes. 
One of the drawbacks of decision tree analysis is 
that probabilities are required for each alternative 
and outcome. As with fault tree analysis, these proba- 
bilities are rarely known. In addition, the calculation 
of a utility value requires the costs associated with 
each alternative and outcome. 


Failure Modes and Effects Analysis (FMEA) 


FMEA is a qualitative procedure to systematically 
identify potential component failure modes and assess 
the effects of associated failures on the operational 
status of the system (Dushnisky and Vick, 1996). 
FMEA is performed prior to design implementation so 
that the risk of component or system failure can be 
assessed and changes to the design implemented at 
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low relative cost. The following are required to exe. 
cute a FMEA (McCollin, 1999): @ 

e a hierarchical structure for the system illustrat- 
ing all system components, 

e failure modes of all components of the system, 
and 
° an objective criterion for implementing correc- 
tive action (the most commonly used is the risk priori- 
ty number). 









































Due to the hierarchical nature of composite systems, 
failure modes exist at differing levels of detail or - 
scale; therefore, analysis of the system starts with 
failure at the lowest level of scope and describes how 
the next higher level is affected. 

In the past, FMEA has been used to advance the 
understanding of complex electrical and mechanical 
systems including numerous applications in nuclear 
safety (e.g., McCormick, 1981; American Nuclear 
Society, 1983; Fullwood and Hall, 1988; Henley and 
Kumamoto, 1992; Shimizu et al., 1993) and to evalu- 
ate and rank potential problems in manufacturing 
processes. Formulation of the FMEA begins with 
identification of the system and all of its components 
(Dushnisky and Vick, 1996). Next, the range of possi- 
ble failure modes is defined as mutually ee 
collectively exhaustive events. Basic sources of failur 
modes typically include documented case studies, lab- — 
oratory experimentation, field experience, and expert 
opinion. Once the failure modes are identified for each 
component of the system, their effects on the system 
and other system components, consequences, likeli- ~ 
hoods of occurrence, methods of detection, and-com- .- 
pensating provisions (i.e., possible corrective actions) 
are listed. The system designer arbitrarily chooses _ 
numeric ratings (e.g., 1 through 10) for these criteria, 
with the largest values associated with the most . 
severe consequence level and the highest likelihood of 
occurrence. By using ratings for consequences and . 
occurrences, in addition to a rating for detectability. 
(likelihood that the failure mode will be observed); . 
failure modes can be prioritized to focus a greater 
level of effort on higher priority failures. 

The most common method of establishing prioritl 
zation among failure modes is through the implemen” 
tation of risk priority numbers. A risk priority 
number (RPN) is a characteristic quantitative resul 
from a FMEA used to suggest the appropriate nature . 
and extent of corrective actions for failures at all lev jf 
els of system scope. The RPN is the product of the’ 
occurrence, consequence, and detectability ratings Of. 
a given failure mode, although other factors may * 
included in an advanced FMEA, such as associate®: 
cost and required resources to implement corrective 
actions (Bluvband and Zilberberg, 1998). Even though . 













) ratings are somewhat arbitrary labels rather than 
_ numbers representing explicit numeric quantities, the 
ses relative values can be compared and used to prioritize 
“failures. Failure modes having a high relative RPN 
“(Le a high risk) are assumed to have a larger impact 
“on system failure than those with a lower RPN. 

“tse of the risk priority number can be highly sub- 
“jective if the criteria for determining its value and its 
“<mplication toward corrective adjustments are not 
adequately defined prior to conducting the FMEA. 
-Numerical values for consequence level, occurrence 
frequency, and detectability need to be established as 
“g preliminary step to any analysis. Associating 
- degrees of corrective action with ranges of RPNs prior 
. to analysis requires establishing numeric values for 
= thresholds and cutoff points to define these ranges. 















EXAMPLE OF INCORPORATING UNCERTAINTY 
INTO CHANNEL MODIFICATION DESIGN 


oe The Bentley Creek watershed is located in the 
*< north central portion of the Susquehanna River basin, 
f° comprising the northwestern section of Bradford 
I ‘ounty, Pennsylvania, and the southeastern section of 
Or. County, New York. Three key problems 
| were identified at the Bentley Creek site dating back 
- to the occurrence of Hurricane Agnes in 1972: 
- (1) streambank erosion, resulting in large property 
-- losses and endangerment of homes and businesses 
located near the stream channel; (2) increased sedi- 
mentation resulting in aquatic habitat destruction 
‘and blockage of bridge openings; and (3) heightened 
flood stages from partial reduction in channel capaci- 
ty (U.S. Department of Agriculture, 1997). 

A 1997 survey of the extent of Bentley Creek by the 
Natural Resources Conservation Service (U.5. 
Department of Agriculture, 1997) identified 78 per- 
cent (33,465 feet) of the main stem of Bentley Creek 
as having unstable banks. Some practices aggravat- 
ing the situation included inappropriate and inade- 
quate channel modification: and stabilization efforts, 
insufficient bridge openings, lack of adequate riparian 
vegetation (resulting from, Hurricane Agnes and sub- 
sequent efforts to clear debris from the channel with 
heavy machinery), debris blockages, and development 
in the stream's riparian zone. 

In November 1998, a decision was made to modify 
Bentley Creek in an effort to: 









; e. ° reduce or eliminate flood damages to Wellsburg, 
+; New York, and Ridgebury Township, Pennsylvania; 

° arrest the deposition of sediment blocking 
stream channels and bridge openings; and 
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' e significantly reduce streambank erosion to pro- 
tect life and property. 


One mile of the main stem of Bentley Creek was to be 
reconfigured with the addition of three meander 
bends and a modified cross sectional geometry to help 
decrease flow velocity and constructed with an 
enlarged floodplain to decrease flood flow energy. In- 
stream measures were to include single-wing vanes, 
cross vanes, and root wads to fulfill local stability 
objectives including flow redirection and grade con- 
trol. 

FMEA is used here to illustrate a relatively simple 
technique to incorporate uncertainty into the design 
process for the Bentley Creek project. The basic setup 
for the FMEA is given in Table 1. Column 1 provides 
the components of the project, which include local 
measures (vanes, cross vanes, and root wads) as well 
as modifications to the channel itself (change in the 
cross sectional geometry, localized channel relocation, 
and meander construction). The local measures are 
used for bank stabilization and to direct the flow 
away from road embankments. The cross section was 
to be changed to contain the estimated dominant flow. 
Downstream of one of the bridges, the channel was to 
be moved so that the angle at which it met a tributary 
was reduced. Meanders were to be constructed to 
approximate the sinuosity that existed prior to chan- 
nel straightening. In Column 2, the failure modes for 
each component are given based on experience, prior 
failures at other sites, and knowledge of channel 
adjustments. Columns 3 and 4 describe the anticipat- 
ed local and system-wide effects, respectively, of the 
stated failure mode associated with a specific compo- 
nent. Column 5 describes methods for detecting fail- 
ure based on field experience and documented case 
studies. Column 6 gives compensating provisions, or 
possible corrective actions, should failure occur. 
Columns 1 through 6 must be established prior to cal- 
culating RPNs and prior to taking action to reduce 
uncertainty. 

The calculation of RPNs requires that consequence, 
occurrence, and detectability ratings are first estab- 
lished. Tables 2 through 4 were developed to provide 
these ratings for this example. As stated previously, 
the rating scales given in these tables are chosen arbi- 
trarily. In this case, the various factors are given rat- 
ings of 1 through 10. The failure or partial failure of a 
stream restoration project has impacts both economi- 
cally and environmentally, particularly in terms of 
available habitat. In addition, public scrutiny of the 
project can have an enormous impact on future 
projects. Thus, Table 2 reflects these three outcomes 
categorized into four levels of consequences. Table 3 is 
primarily based on prior experience using these types 
of designs as well as characteristics of Bentley Creek 


1231 JAWRA 


Johnson and Brown 


TABLE 1. FMEA Example for Design of Bentley Creek Project. 





Components 


(1) 


Failure Mode 
(2) 


Effects 
on Other 
Components 


(3) 


Effects on 
Whole System 
(4) 


Detection 
Methods 
(5) 


Compensating 
‘Provisions 


(6) 


LL 


Vanes and 


Cross Vanes | 


Burial by incoming 
sediment 


Rapid lateral 
migration 

away from vane 
from vane 


Erosion of opposite 
bank 


Ineffective angles 


None or minimal 


None or minimal 


Ef 


Erosion around 
measures 


Minimal, nearby 
measures may 
be less effective 


Minimal 


May cause property 
or infrastructure 
damage 


Minimal, some 
sediment input 


Minimal, may 
cause design to be 
less effective 


Measure has a 
lower profile 


Bank retreat at - 
bank pins 
Proximity to 
structures and/or 
survey marker 


Bank retreat at pins 
Raw banks 
Undercutting of bank 


Scoured pool 
position incorrect 
Scour around 
bankside of vane 


Re-orient or 
reposition measure 


Armor opposite 
bank 


* Construct vanes on | 


opposite bank 
upstream to direct 
flow toward vane 


Re-orient or 


reposition measure 


Re-orient or 
reposition measure 





Rootwads 


Excessive scouring 


Additional erosion 
at d/s measures 


Rapid bank erosion 
following failure; 
sediment input 


Scalloped banks 
between wads 
Root wad popped 
out 


Add additional 
rootwads 
Use alternative 
measures 





Cross Sectional 


Geometry 
Change 


Rapid widening 


Excessive deposition 
(too wide) 


J 


Bed Degradation 
(too narrow) 


Failure of adjacent 
measures 


Burial of other 
measures 


Undermining of © 
measures 


Sediment input; 
local to regional 
property or 
structural loss 


Increased flooding 


Eventual bank 


collapse, loss of 
overbank habitat 


Rapid bank retreat 
at bank pins 
Increased channel 
width 

Geotechnical failure 
planes 


Measures have 
lowered profile 
Bed elevation 
increase 
Decrease in 
longitudinal slope 


Bed elevation 
decrease 
Undermining of 
measures 
Headcuts 


Alter bank side 
slopes 

Add vanes and/or 
cross vanes 
Armor banks 
Adjust channel 


Decrease channel 
width 

Install vanes and/or 
cross vanes 


Widen channel 
Install weirs or 
check dams 
Install deflectors to 
encourage bank 
widening 


—) Eee 


‘Channel 
Relocation 


Channel migration 


Downstream 


of Bridge 


Excessive deposition 
d/s of bridge 





Burial of other 
measures; 
undermining of 
other measures 


Minimal 


Loss of property 


Loss of conveyance 


at bridge, increased 


flooding 


1232 


Bank retreat at 
bank pins 
proximity to 
structures and/or 
survey marker 


Bar formation 
narrowing of 
channel 


Install vanes on 
migrating side 
Armor banks 


Install vanes and/or 

cross vanes; narrow « 

and/or straighten 
channel 
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TABLE 1. FMEA Example for Design of Bentley Creek Project (continued). 







Effects 
on Other Effects on Detection Compensating 
Co mponents Failure Mode Components Whole System Methods Provisions 
fe (1) (2) (3) (4) (5) (6) 
Meander Rapid lateral or Burial of other Loss of property; e Bank retreat at ¢ Install vanes on 
onstruction downstream measures; under- failure to convey Q bank pins - migrating side 
meander migration mining of other and Q.* e Proximity to e Armor banks 


measures structures and/or 
survey marker 
Excessive deposition Burial of other Increased flooding ¢ Measures have ¢ Install vanes and/or 
measures lowered profile cross vanes 


Narrow and/or 
decrease sinuosity 


Bed elevation 
increase 
Decrease in 
longitudinal slope 
oO 
*Q, is the sediment discharge (load entering restoration reach). Qs can be decreased at either the watershed or reach level, depending on the 
= source of the material. At the watershed level, steps must be taken to decrease sediment input into the stream. At reach level, steps must be 
~ taken upstream of the project reach to reduce bank widening and/or bed degradation. 


: ‘TABLE 2. Consequence of Categories. 
aenrer ener errrecrreeee rece creer eeeereceeeeeeeeeeeeeeeeeeeeeceeeeeeeceeresrereeeeee errr SS SSS SSS SSS SS 
: Outcomes of Failure 








f Loss Aquatic 
‘Asequence of Habitat Public 
Category Life Economic Impact Impact Scrutiny Rating 
I (Low) None * Minimal replacement cost relative to project budget No or minor Low 1 
= ¢ Susceptibility to failure of other measures is not increased short-term 
¢ No or minor impacts to public and/or private property negative impacts 
in localized areas 
= - II (Marginal) None * Moderate replacement cost relative to project budget Moderate short- Moderate 4 


Replacement of supporting or integrated enhancement 
measures required : 

slight to moderate public and/or private property damage 
(e.g., minor roadway embankments compromised) 
EE SR oy Sled ani ate ada a a aE SLY Se eT Tee Se ee) Coe ee 


IIT (High) High 


term negative 
impacts in 
localized areas 


Moderate to high replacement cost relative to project 
budget 

Replacement of a significant portion of the project 
Failure of minor infrastructure, moderate to high public 
or private property damage 

a ee re OS INE le 


IV (Critical) Possible High 


Not used to 
identify high 
impact levels 


High replacement cost relative to project budget 
Replacement of a significant portion of the project 
Failure of hydraulic or engineering infrastructure; 

loss of service provided by infrastructure and/or 

$ public utilities; high public or private property damage 
re a ee en, Cre ee ee ae ailinee rt ST eS BO DRY STI 10 22 GlO. 


- Not used to 
identify critical 
impact levels 


' 
| 
i 


lor to project implementation. The categories and For each component and failure mode, ratings were 


@::.. in Table 4 were based on the level of difficulty 
to detect channel adjustments, ranging from visual 
Observations to installation of equipment, such as 
Scour chains or pressure transducers. 
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assigned for consequence, occurrence, and detectabili- 
ty. These are given in Table 5. The RPNs were 
calculated as the product of the three ratings. As 
shown in Table 5, rapid channel widening and 
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TABLE 8. Occurrence Likelihood. 





Occurrence Likelihood Rating 
SEER REE EE ERE ne SE ot. I Ay ees ee 
Impossible or has never occurred previously 


2 
Remotely possible; similar events may have occurred previously 4 
Possible; has previously occurred rarely 6 
Probable; has previously occurred occasionally - 8 


Reasonably probable; has previously occurred frequently 10 
Te PS we STATES SSD Sa A PNT PR Ee TT ee 


TABLE 4. Detection Rating. 
enn nn nen nnn nr ss er cee 
Detection Methods Rating 
Simple visual from field inspection 
Simple analysis from photo record, bank pins 4 
Cross sectional or longitudinal surveys; pebble counts; sediment sampling 
Scour chains, pressure transducers, on other in-situ installations required 10 > 


-_—-eeeoeoe——————— ee 


TABLE 5. Risk Priority Numbers for Bentley Creek Restoration Project. 
nn SSeS SSS SSS SSS SSS SSS ss SS SS 


Risk 
Consequence Occurrence Detection Priority 
Component Failure Mode Rating Rating Rating Numberg 






















Vanes and Cross Vanes Burial by incoming sediment 


2 6 

Rapid lateral migration away from vane iV 4 

Erosion of opposite bank 4 6 

Ineffective angles ee “4 
i Se I see 
Rootwads Excessive scouring 4 8 i 
Se Re Ln! LA RE nk as ee 
Cross Sectional Rapid widening 4 8 
Geometry Change Deposition 4 8 ' 

Degradation 4 4 i 
rt rr pe ct cle nk alle Ca a AM ne 
Channel Relocation Channel migration : 4 a 4 

Excessive deposition d/s of bridge 7 4 ms 
i i i PR Te es ie 


Meander Construction Rapid meander migration 7 4 


Excessive deposition 4 10 


sediment deposition due to the change in cross sec- geometry that can efficiently convey the sediment and. 

tional geometry received the highest RPNs. As the water load, yet not produce shear stresses that will 
channel widens (due to bank failure), significant cause bank erosion. Local measures, such as vanes, 
amounts of sediment can be added to the flow, similar can be used to assist in this effort. Based on the low. 

to the problem in this stream prior to restoration. The RPNs for these in-stream structures, provided that. 
sediment is then deposited downstream, typically at the cross sectional geometry is appropriate, failure of 

an over-widened cross section, a meander or bridge, a vane will not produce a high level of risk for the: 

and causes an increase in flooding as well as loss of project. Degradation due to the change in cross se | 
property as channel widening removes bank material tional geometry and rapid meander migration due Lk ; 
from private property. Thus, the greatest emphasis meander construction also received relatively high. : 
should be placed on developing a cross sectional RPNs. Thus, particular attention should be paid 
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) ‘ ability of the channel to convey its load and to 
a oper armoring of bends, particularly at bridges and 
ther sensitive locations. 


CONCLUSIONS 


Uncertainty is an important aspect of stream 
restoration and other channel modifications. Adaptive 
management has been used in a variety of ways in an 
attempt to address and incorporate uncertainty in 
design, implementation, and monitoring. To assist in 
this effort, it is desirable to have a simplified tech- 
pique for incorporating uncertainty into the decision 
“making process during the design and post-construc- 
tion monitoring of a restoration or other modification 
- project. Failure modes and effects analysis (FMEA) 
-was used here to demonstrate a relatively simple 
technique for assigning relative ratings to all compo- 
“nents at the design phase. The ratings can then be 
“used to determine components of the design that 
require particular attention to prevent failure of the 
~ project. This information yields the appropriate com- 
-pensating actions to be taken and provides justifica- 
sion for decision making. FMEA is an appealing 
ae because it considers risk in terms of the con- 
“sequences of failure, the likelihood of a component 
_ failure, and the level of difficulty required to detect 
failure. 
The method demonstrated here for incorporating 
uncertainty is a decision tool based on a given design. 
It does not address whether a project will be success- 
ful in meeting the project objectives. For example, the 
objective of the Bentley Creek project was to alleviate 
downstream aggradation and and reduce property 
loss due to bank erosion. The use of FMEA could not 
evaluate whether these objectives would be met. 
The Bentley Creek example provided a demonstra- 
tion of incorporating uncertainty into the design 
phase of the project. With a "design-not-to-fail" philos- 
ophy, FMEA is implemented to determine failure 
modes and remove their causes before the design is 
implemented (McCollin, 1999). Thus, the preventative 
action in the FMEA implies modification of the sys- 
tem design for risk reduction before the design is in 
place. A slight modification of this technique referred 
to as Failure Modes, Effects, and Criticality Analysis 
(FMECA), can also be used in a similar way for moni- 
toring in the post-construction phase. As with FMEA, 
FMECA is used to evaluate the importance of failure 
effects on a system's performance (Shimizu et al., 
1993). The main point of note is the FMECA provides 
a basis for carrying out appropriate corrective action 
once failure has occurred while there is time for these 
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actions to have significant impact on a proper system 
performance (McCollin, 1999). Apart from a few sub- 
tle points of difference in terminology, FMECA is 
applied in the same manner as FMEA. 
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IN-CLASS PROBLEM #1 
Building a Periodicity Chart and Habitat Matrix 
BLM Training Course No. 7000-12 


The Problem: 


Periodicity charts and habitat matrices are commonly used in the aquatic habitat restoration field 
to summarize life history and habitat information for target fish species. These tools are especially 
useful when the investigator has little prior knowledge of the species or there are numerous 
species under consideration. 


For this exercise, please do the following: 


iB 


2 


U2 


Review pages | to 7 in the Cutthroat Trout Habitat Suitability Index Model publication. 


Using the attached form, build a periodicity table for the species. If you have management 
experience with the species, feel free to base your responses on that more site-specific 
information. If not, generalize. 


Using the attached form for guilding criteria, complete the habitat matrix for cutthroat 
trout. 


Compare your cutthroat habitat matrix with those on the handout discussed in lecture. 
Which species does the cutthroat most closely resemble? Note: If you miss this one, there 
will be no recess!!! 
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IN-CLASS PROBLEM #2 
Slide Quiz Identifying Habitat Features 
BLM Training Course No. 7000-12 


Instructions: 


You will be shown 10 photographs of streams and asked to name the identified habitat feature. 
Circle only one answer per question. 


10. 


Name this mesohabitat: A. Riffle B. Step pool C.Dammed pool D. Cascade 
According to Rosgen’s classification, this channel type isan: A B C D E F G 
This habitat feature is a: A. Glide B.Cut-offmeander CC. Braided channel D. Pool 
This type of ice is: A. Anchor B.Shelf C. Frazil D. Cube 


Name this mesohabitat: A. Mid-channel pool B. Lateral scour pool C. Cascade 
D. High gradient riffle E. Low gradient riffle 


Name this mesohabitat: A. Backwater eddy B. Low gradient riffle C. Cut-off meander 
D. Braided channel E. Glide 


Name this mesohabitat: A. Low gradient riffle B. Cascade C. Waterfall D. Run 


A pool formed here would be a: A. Lateral scour pool B.Dammed pool C. Plunge pool 
D. Mid-channel pool E. Run 


A pool formed here would be a: A. Lateral scour pool B.Dammed pool C. Plunge pool 
D. Mid-channel pool E. Run 


Name this mesohabitat: A. High gradient riffle B. Run C. Low gradient riffle D. Pool 
E. Cascade 




















IN-CLASS PROBLEM #3 

Selecting a Reference Reach 

BLM Training Course 7000-12 
The Problem: 
Selecting a suitable reference reach can be a challenging and thought provoking undertaking. In 
this exercise, we will be comparing the characteristics of five Clark Fork River test reaches with 
those of three possible reference reaches. Your objective is to select a reference reach for each of 
the five test reaches based upon the photographs and data provided. In this case, the 
“disturbance” was water quality related, so no water quality data are presented. 


Your assignment is as follows: 


i Review the Power Point photographs of the eight reaches, noting valley, channel, and 
habitat characteristics. 


Dp) Review the attached data plots which compare the test and reference reaches. 


3. Develop a “decision matrix” to help you compare and contrast the reaches. An example 
matrix is provided below. 


4. Select a reference for each of the five Clark Fork test reaches. 
2 Present, discuss and defend your choices. 
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Ratings: 1 = Similar 2=Somewhat similar 3 = Not similar 


Characteristics: 1 = Valley; 2 = Channel; 3 = Habitat; 4 = Ave. Ann. Flow; 5 = Monthly Flows 
6 = Basin area; 7 = Main ch. length; 8 = Channel elev.; 9 = Stream gradient; 
10 = Total roads density; 11 = % altered channel; 12 = Ratio irrigated land 
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IN-CLASS PROBLEM #4 
Applying SSTemp for Limiting Factor Analysis 
BLM Training Course No. 7000-12 


The Problem: 


As discussed in class, SSTemp is an easily applied model that can be used to evaluate water 
temperature as a potential limiting factor for a target species and to investigate the influence of 
possible management actions. In this exercise, you will be predicting mean daily and maximum 
water temperatures in the Middle Rio Grande from Albuquerque downstream 12.3 miles to Isleta 
based upon a given set of hydrologic and climatologic conditions. Your target species will be the 
Rio Grande silvery minnow. 


Your assignment is as follows: 


bi 


N 


U2 


Working in pairs, load the SSTemp software and review the Power Point photos. 
Input the attached data on the SSTemp program data screen. 


Run the model to determine the predicted mean and maximum daily water temperature at 
Isleta on September 3. 


Based upon the attached hypothetical water temperature suitability index plot for Rio 
Grande silvery minnow, how has temperature suitability changed between Albuquerque 
and Isleta? 


For the climatologic conditions on which this problem is based, do you consider water 
temperature to be a limiting factor for the minnow? 


Total shade has been set at 5%. “Game” with this potential management variable. How are 
mean and maximum temperatures affected by increasing shading to 25 and 50%? How 
does this affect temperature suitability? 


On the Tool Bar, go to the View Flow/Distance Matrix and inspect the various graphs. If 
due to drought flow were reduced 67% to 221 cfs, how is mean temperature suitability for 
the minnow affected? 


If this channelized stream segment were to be re-constructed to increase meandering, 
thereby increasing segment length to 16.0 miles, how is mean temperature suitability for 


the minnow affected? 


Discuss your results and conclusions. 
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IN-CLASS PROBLEM #5 
Identifying Potential Limiting Factors Using HSI Models 
BLM Training Course No. 7000-12 


The Problem: 


The Habitat Suitability Index (HSI) models developed by the U.S. Fish and Wildlife Service are a 
user-friendly approach to identifying potential limiting factors for aquatic habitat restoration. In 
this exercise we will apply the cutthroat trout model, one of many that has been developed for 
terrestrial and aquatic species nationwide. Application of the model will allow us to identify for 
which life stage habitat quality is potentially most limiting, as well as those habitat variables most 
responsible for impaired habitat quality. Once these variables have been identified, concise yet 
quantifiable restoration objective statements can be written. 


Your assignment is as follows: 


i? 


Uo 


Review the Cutthroat Trout HSI manual provided in your handouts, paying particular 
attention to a) Figure 1 on page 8 which illustrates the relationship between model 
variables, components, and HSI; b) pages 11-17 which present the suitability curves for 
each variable; and, c) pages 22-26 which present the component and overall HSI models. 


Review the attached sample data sets for our reference and test stream reaches. Please be 
sure you understand how the suitability index (SI) values for each variable were obtained. 


Working in pairs, calculate the component (adult, juvenile, fry, embryo, and other) and 
species HSI scores for the reference and test reaches using the riverine models. Calculate 
the species HSI using the equal component value method on page 24. To save time, let’s 
have half the class work with the reference data and the other half with the test 
data. We’ll post all scores on the board. 





For the test reach, identify which life stage(s) is potentially most limited by habitat quality 
based upon the component scores. Also, for all life stages, identify which habitat variables 
are most limiting. 


Prioritize the habitat variables identified in Step 4, and for the top 3 (those you feel are 
most limiting and which can be managed for), write concise, quantitative restoration 


objective statements. 


Present, discuss, and defend your findings. 
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4, Discuss the possible biological significance of these hydrologic alterations for the Rio 


IN-CLASS PROBLEM #6 
Applying IHA and RVA 
BLM Training Course No. 7000-12 


The Problem: 


The Indicators of Hydrologic Alteration (IHA) procedure can be used to compare a river’s stream 
flow regime before and after a water management change, thereby quantifying the magnitude and 
direction of change for 32 parameters considered to be of ecological significance. The Range of 
Variability Approach (RVA) can then be applied to establish target ranges for each of the 32 flow 
parameters, which if met, will help to restore a regime more similar to the pre-impact condition. 
The degree to which the RVA target range is not attained is considered a measure of hydrologic 
alteration. In this exercise, we will apply IHA and RVA to assess the degree of hydrologic 
alteration which has occurred as a result of the construction of Cochiti dam on the Middle Rio 
Grande in the early 1970's, 50 miles upstream of Albuquerque, NM. Our pre-impact period-of- 
record will be 1942 - 1970, while our post-impact period will be 1975 - 1999, 





Your assignment is as follows: 


le Load the CD containing the program and follow the instructions on the attached page to 
run your analysis. 


From the mass of results you will obtain, locate and review a) the mean monthly flow 
alteration plot; b) the IHA Parametric Scorecard table; and c) the IHA Parametric RVA 


Scorecard table. 

3: Following your review of results, answer the following: 
a) Are mean monthly flows higher or lower since Cochiti dam was built? higher 
b) Are days of zero flow more or less common since Cochiti was built? je 45 


c) Is the date of maximum flow earlier or later in the year since Cochiti? 

d) Which month has seen the greatest flow increase (in cfs) since Cochiti? Hine 
e) Are flows generally more or less variable since Cochiti? SOW 

f) Which Parameter Group has been most affected by Cochiti? 

g) Which month has the widest RVA target flow range? 

h) For which month have post-Cochiti flows best met the RVA targets? 

1) For which month have post-Cochiti flows least met the RVA targets? 

j) Have post-Cochiti flows best met the “minimum” or “maximum” RVA targets? 


Grande silvery minnow. 
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Indicators of Hydrologic Alteration ¢ 
Attachment to Problem Set 6 


Load CD into Drive. Double Click IHA folder 
“Unzip” [HA onto your computer. 


IHA Program Setup: 

Double-click the “setup” program to load IHA program. 

(It is highly recommended you put this program right in your root directory and do not use 
spaces or long names as the directory name; 1.e. C:/IHA 


Next, copy “Batchfor.exe” from the CD to the directory where you set up IHA. This is a patch 
for a bug found. 


Open IHA. a 


IHA.exe 


Data file we will use is RGAlbdis.dat located in the IHA folder on the CD. 
Copy this file to your directory (makes it easier to use). This file is already in IHA format. 


From pull-down menu, run “Wizard” off the IHA Analysis. @ 


Your parameters are: 

Data fileis: RGAlbdis.dat 

Data file is already in IHA format ( on your CD or in the folder where you loaded IHA). 
We are comparing two time periods. 

Pre-Impact period is 1942-1970 

Impact year was 1971 

Post-Impact Period is 1975-1999 

Run a parametric analysis 


Name the files whatever you like (keeping them short) or use the default filenames. 
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IN-CLASS PROBLEM #7 
WinXSPRO Applications for Instream Flow Analysis 
BLM Training Course No. 7000-12 


The Problem: 

As we’ve discussed, WinXSPRO is a user-friendly program which allows you to model the 
hydraulics of single stream cross-sections over a range of flow conditions. These capabilities allow 
the program to be used for some instream flow applications. In this exercise, you will model a 
cross-section from a small cutthroat trout stream and use the output to develop instream flow 
recommendations. 

Your assignment is as follows: 


i Load the WinXSPRO program and review. 


ps Input the cross-section data provided on the attached page. These data were collected at 
water stage = 1.8 ft. 


3. Run the program using a constant slope of 0.003 and a Manning’s n of 0.04 for low stage 


and 0.03 for high stage. The range of water stage you should model are from 0.5 ft up to 
2.4 ft. 
4. Once you’ve obtained your model results, check your output using the following field 


measured flow values: 1.2 ft stage = 26 cfs; 1.7 ft stage = 70 cfs; 1.8 ft stage = 78 cfs. If 
your output is more than 5-10% different than these values, better double-check things. 


oe Plot wetted perimeter against flow and identify the inflection point. The flow at the point 
of inflection is commonly recommended as a late season baseflow because it avoids the 
flow range having the greatest rate of habitat loss and it protects a high percentage of the 
available rearing (food and cover) habitat. 


6. Suitable cutthroat trout spawning habitat in smaller streams has been described as having a 
water velocity of 1.0 to 2.0 ft/s, a water depth of at least 0.6 ft, and a gravel substrate. 
Assuming the substrate is gravel, inspect your hydraulic output table and identify the flow 
for which mean velocity and depth first meet these criteria. This flow can serve as a 
Spawning and incubation recommendation. 


i. Compare and discuss your recommendations. 
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IN-CLASS PROBLEM #8 
Using RHABSIM to Evaluate Instream Flow Trade-Offs 
BLM Training Course No. 7000-12 


The Problem: 


RHABSIM is a somewhat more user-friendly version of the PHABSIM (Physical Habitat 
Simulation) model, a key component of the IFIM (Instream Flow Incremental Method). This 
approach to instream flow determination is likely the most universally applied procedure of its 
kind and has been used world-wide to develop instream flow recommendations for a myriad of 
aquatic species. In this exercise, you will apply the output of the RHABSIM model to develop, 
justify, and defend monthly instream flow recommendations for a small stream having three 
species of trout. The information provided on the attached pages includes: 


1) WUA plots for 3 salmonid species and life stages 
2) WUA summary table by species and life stage 

3) Mean monthly hydrograph plot 

4) Flow duration table 
Assignment: (work in pairs) 


1) Develop a periodicity chart for each species. ( 4 charts attached) 


2) Using WUA information, determine optimum flow for each month and life stage for each 
species. 


3) Using the 4" periodicity chart, combine the optimum flows for each species. life stage, and 
month. 


4) Evaluate instream flow trade-offs by month, keeping in mind that both bull trout and 
cutthroat trout are considered “sensitive” species (for the purposes of this exercise). 


5) Compare monthly instream flows to historic hydrograph and flow duration values. 


6) Recommend an instream flow for each month. The recommendations of all pairs will be 
tallied on the board at the front of the room. 


7) Compare your recommendations with the others. 


8) Be prepared to discuss and defend your recommendations! 
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IN-CLASS PROBLEM #9 
Barrier Analysis for Cutthroat Trout fowls a /L, 
BLM Training Course No. 7000-12 cosh=b/e 


The Problem: 


Are cutthroat trout able to pass the barrier presented on the plot below during their spring 
spawning migration? Assuming a burst speed of 13.0 ft/s and a leap angle of 60 degrees, analyze 
the barrier to determine if fish can pass using the leaping equation presented in lecture. 


Plot the leaping curve on the barrier plot. 


If the fish cannot pass, how would you physically modify the barrier, a boulder/cobble waterfall, 
to assure passage? 


If you wanted only the hardiest fish to pass and spawn, how would you modify your restoration 
plan? 





a 





De 6 Ra 
Length of Leap (ft) 
tt = (Ip) @ - [322 Alec (4)? (ise etl (Y/ 
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IN-CLASS PROBLEM #10 
Douglas Creek Culvert Analysis & Design 
BLM Training Course 7000-12 


The Problem: 


Engineers are planning to install a new culvert under the Douglas Creek road. The present design 
calls for a 154 ft steel pipe arch (12'10" x 8"4") on a 0.8% grade. Hydrologic studies indicate the 
culvert will carry flows ranging from 1.6 to 200 cfs during the spring runoff season, the same time 
during which cutthroat trout will be moving upstream to spawn. 


Using the FishXing software, analyze the design the engineers are planning to use to determine if 
cutthroats will be able to successfully pass upstream through the culvert on their Spawning run. 
Assume no inlet or outlet problems exist and a constant tailwater condition with 101.5 ft as the 
pool surface elevation and 99.0 ft as the outlet pool bottom elevation. Use the User selected 
swim speeds, with a prolonged speed of 4.0 ft/s for 30 minutes and a burst speed of 13.0 

ft/s for 15 seconds. 


If the fish cannot successfully pass through the culvert, use FishXing to re-design the culvert so 
that design flows can still be carried and the cutthroats can pass. The length of the culvert must 
remain at 154 ft. 


Compare and discuss your results with the class. 


& 























IN-CLASS PROBLEM #11 
Determining Design Flow 
BLM Training Course 7000-12 


Background: 

The flood flow having a 2 year recurrence interval (Q,,) is often assumed to approximate the 
bankfull discharge, a level commonly used as the high design flow estimate for stream restoration 
projects. Unfortunately, long-term U.S.G.S. gage records seldom exist for stream reaches where 
restoration efforts are planned. As a result, hydrologists have developed easily applied methods 
for estimating the needed design flows based upon either watershed or channel characteristics. 
This exercise will give you experience in applying these estimation techniques and comparing the 
results to flood frequency analysis of 25 years of gage records. 


The Problem: 


Flood frequency analysis of the 25 year period-of-record at USGS gage #06274500, Greybull 
River near Pitchfork, WY yields the following results: 


Annual Exceedance Probability Streamflow (cfs) 

0.99 720 

0.95 952 

0.90 1116 

0.80 1367 oe 

GO 508 2081) = QF2=40% provebi liry 

0.20 3305 

0.10 4283 

0.04 5724 

Based upon this analysis, what is the Q,, ? COS 


Based upon Lowham’s (1988) watershed characteristics model for Wyoming mountain streams, 
Qro = 0.012A°**(ELEV/1000)°”*, where A is watershed area (260 sq miles) and ELEV is mean 
basin elevation (9000 ft), what is the estimated Q,, ? ZOoZl 


Based upon Lowham’s (1988) channel characteristics model for Wyoming mountain streams, 
Qy = 1.94W'**, where W is active channel width (95 ft) measured just downstream from a 
meander, what is the estimated Q,, ? 258 





Compare your two estimates to the value based upon the gage record. 


i [ ) tide 
Which estimate is furthest from the gaged value? Why Pa Gs be? Chau ya? ae bw 
We Comrr i+ Yos2d on cha viper De Bee hr i ch CONAALZD ioc 4- 














IN-CLASS PROBLEM #12 
Boulder Stability 
BLM Training Course 7000-12 








The Problem: 


! You are designing a boulder placement as part of a structural habitat management program for a 

mountain stream. At your high design flow, water depth will be 3.0 ft at your anticipated boulder 
site. Channel slope is 4.0%, or 0.04. You prefer to use 2.0 ft diameter boulders since they are 
available close to the site. 


Using the Shield’s relation, Lane’s relation, and the Highway Research Board relationship, as 
presented in the Power Point presentation, evaluate the stability of a 2.0 ft diameter boulder at 
your high design flow. Assume R = D; specific weight of water = 62.4lbs/ft’; specific weight of 
the boulder = 165lbs/ft?; and k = 0.03. \yoler clog M24 


Shear stress acting on channel boundary=__ #.44_ . 1 co = 


LO 
: ] * Fr oR 
Critical shear using Shield’s relation=__&. | a . Will boulder move? wf Ae Ge SP bs 


Critical shear using Lane’s relation = ne he t . Will boulder move? “ag Kd i i 
— Zs \ 


wn G 
Critical shear using HRB relation = © _. Will boulder move? p> NO 4-9 <0 


If results are mixed, what should you do? ,,4, tee theft 2 of Mae ey seg ade eS a ak tHe e Oy 
/ 
| 


* Whot b Hx corseguente LP Pip bs B: iB 
| a 4 foc Move!) Pb aD ES ; 
* “Takk 4, hace ae . ee ‘aie of 


© fut 2? boutQS ery rehearse e ts fy 


Kun eel eS Gas tag 0 
a : ot q | | 
te Henge y Le 999) +e Shu 's whaktcn, 


“ Common Sy Ogi ron Ut up to ag to thse (ieee eee ae pee ae oye 
@ boulders QA homes Wonctoed Nika de 3 tito, new) 
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@ IN-CLASS PROBLEM #13 
Applying Stream Reach Inventory & Channel Stability Evaluation 
Santa Fe River below Santa Fe, NM 
BLM Training Course 7000-12 


The Problem: 


1. Review the Power Point photographs of the Santa Fe River. 


2 Using the attached field form and the manual (handout), rate the 15 parameters. 
3. Tally score and determine condition class. 
4. Discuss applicability of SRI/CSE to the streams you work on. Is it a usable tool? How 


might you alter the parameters to better meet your needs? 


Lower 





















R-1 STREAM REACH INVENTORY and CHANNEL STABILITY EVALUATION INVENTORY DATAt (observed or measured on this date) Side 2 
\ “ es od 
REACH LOCATION. Survey Date Tine —_sdOObas. —~ Stream Width’ - ft.X Ave.Depth, ft.x Ave.Velocity___f/s"___Flow cfs 
: Rer. Dist. Reach Stream Turbidity Streara Sinuosity 
oars ae : : Gradient %, Order « Level =. , Stage =e Aatlo , 
Streaa w/S No. Feta pen aed aig ig RO yn Teapern jure aie : See ca : . 
Reach Description & or C of: Water___, Others, 
Other Identification S 
Key |Stab {t I ca ora by Classes | a and Poor on reverse 8 de) | bad Stability Indicators by Classes 
EXCELLENT | es __FAIR Se ee eee : 
-{_1 [Bank slope gradient < 30%. | (2) | m. | (9) |{_@ | Bank slope gradient 40-60%, | Bank slope gradient 608+. | (8) 
o No evidence of past or any Infrequen Moderate frequency & size, Frequent or large, causing 
s potential for future mass | (3) |jMostly healed over, Low (6) with some raw 8 eroded sediment nearly yearlong OR | (12) ; 
) wasting into channel, potential, inainent danger of same, 
. Essentially absent from (2) Present but mostly small (4) Moderate to heavy amounts, (8) 
a inmediate channel area, twige and liabs, R predominantly larger sises 
2 9OR+ plant density, Vigor % density. Fewer plant Lower vigor <50% density plus fewer 
and variety suggests a (3) |/species or lower vigor (6) and still fewer species (9)i|species & less vigor indi- (12) 
deep, dense, soil binding, suggests a less dense or form a somewhat shallow and icate poor, discontinuous, 
root mass, deep root mass discontinuous root mass. and shallow root mass. 
Ample for present plus sone Adequate, Overbank flows Barely contains present Inadequate. Overbank flows 
increases, Peak flows con-|(1) |jrare, Width to Depth (W/D) (2) peaks. Occassional overtank| (3)||common. W/D ratio > 25. | (4) 
tained, W/D ratio < ratio 8 tol floods, W/D ratio 15 to 2§.|  _ 
acs O%&+ with large, angular (2) | 6 | 20 to 40%, with rnost in (6) (8) 
& boulders {2"+ numerous the 3-6" diameter class ra 
r Rocks and old logs firaly Some present, causing erosive Frequent obstructions and 
s embedded, Flow pattern with- cross currents and ainor pool _: ‘|deflectors cause bank ero- 
@/ 7 jout cutting or deposition. |(2) |[filling, Obstructions and & deflectors move with hight (6)|lsion yearlong. Sediment 
Poole and riffles stable, deflectors newer and less water causing bank cutting ‘ Itraps full, channel 
{ira, and filling of pools migration occurring. 
Little or none evident. Some, intermittently at “Significant, Cuts L2*-2]* Almost continuous cute, 5 
: Infrequent raw banks less |(4) Hloutcurves and constrictions. | (8) high, Root mat overhangs (12)llsome over 24" high. Fail- (16) |: 
than 6” high general Raw banks may be up to 12" and slough! vident ure of overhangs quent 
Little or no enlargeront Some new increase in tar Moderate deponition of new Extensive deposits of pre- 
po of channel or point bars, formation, mostly from (8) Ee gravel & coarse sand on (12)|/dominantly fine particles (16) 
coarse gravels old and some new bars 
a a eel (1) Rounded corners and edges, (2) 10 | Corners & edges well round-} (4)]/Well rounded in alld (4) 
Plane surfaces roughened S* |isurfaces sraooth and flat ed in two dimensions sions, surfaces saodth. 
Pag Surfaces dull, darkened, or (1) Mostly dull, but may have up (2) Mixture, 50- dull and (3) Predominantely bright, (4) 
stained, Gen. not “tright”. to J9% bright surfaces, sen bright, 19% Je. 653 exposed or scoured surfaces 
iz ( Moderately packed with (4) Mostly a loose assortment (6) No packing evident. Loose | (8) | 
some overlappin aes with no apparent overlap, assortment, easily moved. 
Sts: change in eizae evide Distribution shift slight. (6) ls Moderate change in elces, (12) Marked distribution change. (16) 
= Stable naterials 80-10 Stable materials 50-8 Stable materjals 20-50%, Stable naterials 0-20 
i. 5-JOh affected, Scour at 30 50% affected. Depoaits More than 50% of the bottom 
affected by scouring and constrictions and where (12) & scour at obstructions, (18) ina state of flux or (24) 
deporition, Rindes steepen, Sone corstrictions, and bends. change nearly yearlong. 
deposition in pools, Some filling of pools, 
Abundant, Growth largely Common, Algal forms in low Present but spotty, mostly Perennial types scarce or 
noss-like, dark green, per- velocity & pool areas. Moss (2) in backwater areas, Season-| (3)|labsent. Yellow-green, short | (4) 
ennial. In swift water too, here too and swifter waters, So al blooms make rocks slick. term bloom may be present aaa 


Add values in each column and rec 
E. ea eee Pity ee) = 
























EXCELLENT COLUMN TOTAL *[ |) 


“Op a 7 
dae Qs 
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GOOD COLUMN TOTAL ——= 
ord in spaces below, Add column scores, 
Total Reach Score. 


Ad jective ratings:<jO-Bxcellent, 39-76-Good, 77-114-Fair, 115+=-Poor® 


"(Scores above may be locally adj 


uated by Forest Hydrologist) 
Rl-Form 2500-5A Rev.i-75 Side 1. 
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Size Con 
1. Rxposed bedrock......eceees % 
2. Large boulders, 3'+ Dia.... £ 
Je Small boulders, be fe ence & 
4, Large rubble, Peyaky Wr dale es ae £ 
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IN-CLASS PROBLEM #14 
Evaluating Log Overpour Hydraulics 
BLM Training Course 7000-12 


The Problem: 


A low flow notch is often cut into a log overpour structure to concentrate the low flow into the 
downstream plunge pool and to keep the entire log continually wetted to prevent rot. You are 
designing a log overpour for a small stream that is 10 ft. wide and has a bankfull depth of 3.0 ft. 
Your design low flow is 2.0 cfs and design high flow is 50 cfs. The elevation of the top of your 
log overpour (excluding the low flow notch) will be 1.5 ft above the streambed. See the diagram 
below. 


Using the weir flow equation, solve the following: 





Q=cLH*”’, where Q= flow (cfs) 
c = 2.5, a head loss coefficient for log weirs 
L = weir length (ft) 
H = depth, or head, over the weir (ft) 


1) If the desired width of your low flow notch is 2.0 ft, how deep should the notch be to just 
@ pass your design low flow? | 


2) Taking into consideration the depth of the low flow notch determined in Question 1, will 
your high design flow of 50 cfs be able to pass the log overpour structure without spilling 
over the top of the stream banks? 





‘Vee Y Book ¥ 


Notch 


Zo 


7.0 ? ? 
: att LS” 
ee Leg Overpour 
SErEGm Eee f 


Se nO) TT 7 














IN-CLASS PROBLEM #15 
Using WinXSPRO to Evaluate Restoration Options 
BLM Training Course No. 7000-12 


The Problem: 


WinXSPRO is a user-friendly computer program that can be applied to the solution of many 
aquatic habitat restoration questions. Based upon data from a single cross-section, both hydraulic 
and sediment transport predictions can be made to evaluate restoration options over a range of 
flow conditions. Earlier in Problem #7, we used the program to develop instream flow 
recommendations. In this exercise, we will apply the bedload transport options within WinXSPRO 
to assess the feasibility of spawning gravel placements. 


Your assignment is as follows: 


1 


OE 


Load the WinXSPRO program and review the bedload transport options. 


We will use the same cross-section data for this exercise as we did for Problem #7, and 
assume the D,, of the substrate is 50mm (coarse gravel). 


Run the Parker (1990) bedload transport model to determine the stability of this coarse 
gravel over a range of flows up to 150 cfs, our high design flow. Does this size of coarse 
gravel remain in place over this flow range? 


While we do not have spawning gravel size criteria for the Colorado River cutthroat trout 
in our small test stream, we do have bed material particle size distribution information 
collected from the redds of similar sized brook and brown trout from similar nearby 
streams. Review the attached particle size distribution plots and determine the D,, of bed 
materials selected by spawning brooks and browns. We will use these gravel sizes as our 
design criteria for cutthroat spawning enhancement. 


Re-run the Parker (1990) bedload transport model to determine the stability of the brook 
and brown D.,'s. Do these size gravels remain in place over our range of design flows? 


If these gravel sizes are not stable up to 150 cfs, what other options might you consider 
to enhance cutthoat spawning in our test stream? 


Compare and discuss your findings and recommendations. 





by Weight 


Finer 


Percentage 





aN Brook Trout: 
NN (n= 54) 


Brown. Traut: 
(n= 121) 





10 5 2 
Particle Size (mm) 


Size distribution of bed material particles in Brown Trout and Brook 
Trout redds, Medicine Bow National Forest, Wyoming. 
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IN-CLASS PROBLEM #16 
SHM Recommendations for the Santa Fe River 
BLM Training Course 7000-12 


_ The Problem: 


In Problem #13 we applied the Stream Reach Inventory and Channel Stability Evaluation system 
on this section of the Santa Fe River below Santa Fe, N.M. Our analysis indicated this stream was 
highly embedded with sand and finer gravels, aggrading, overly widened, and very unstable. Mid- 
channel bars were common and large bed elements such as boulders caused extensive sediment 
deposition and in some cases, channel blow-outs. Historic land uses coupled with extensive water 
diversion have contributed substantially to this current condition, and should likely be the 
emphasis of any watershed restoration effort. 


The objective of this exercise is to explore the possible role of SHM in the restoration of the 
Santa Fe River. Assuming that land use practices are being modified and efforts for hydrologic 
restoration are underway, complete the following steps: 


us Carefully review the seven Power Point photos of the Santa Fe and your SRI/CSE 
scorecard from earlier today. 


a Working in pairs, develop a list of up to several SHM treatments you feel may be effective 
in improving habitat quality throughout this reach. If you feel there is no role whatsoever 
for SHM here, say so and be ready to defend your position. 
fwad Pak cutthrook wn he v1 ie “alae 
Gb “echive Lo WokA hemp lO- 20°C, Thode > 4 Che deep ‘ 2.O0%Co 
Caouta sul Oa as of ove Pe S7e Ps BOTs pook’ LS mw deep ) ; To Funes “ Hoe 
j 


We spawmaery halo: bok. 

cp For the SHM treatments you feel may be beneficial, briefly review the cutthroat trout HSI 
model we worked with on Monday afternoon. Develop a list of HSI variables that may be 
influenced by your recommended treatments. For each affected variable, subjectively rate 
the degree of influence that may result from your SHM treatments. For in-class 
consistency, use “high”, “moderate”, and “low” as your ratings. 


‘ PUL ak rt 
Serm@s 4 ares deflect to cacale peck rt clean a mee sulretrales 


4. Present your recommendations and ratings. 


5 Participate in a class discussion of possible SHM treatments and your justification for the 
recommendations you made. 











IN-CLASS PROBLEM #1 - Aarver Sheet 
Building a Periodicity Chart and Habitat Matrix 
BLM Training Course No. 7000-12 


The Problem: 


Periodicity charts and habitat matrices are commonly used in the aquatic habitat restoration field 
to summarize life history and habitat information for target fish species. These tools are especially 
useful when the investigator has little prior knowledge of the species or there are numerous 
species under consideration. _ 


For this exercise, please do the following: 


¥. 


2 


Review pages | to 7 in the Cutthroat Trout Habitat Suitability Index Model publication. 


Using the attached form, build a periodicity table for the species. If you have management 
experience with the species, feel free to base your responses on that more site-specific 
information. If not, generalize. 


Using the attached form for guilding criteria, complete the habitat matrix for cutthroat 
trout. 


Compare your cutthroat habitat matrix with those on the handout discussed in lecture. 
Which species does the cutthroat most closely resemble? Note: If you miss this one, there 
will be no recess!!! Re jnbow rene. 


Species: Cutthroat Trout 
Microhabitat 
Usage 


Adults 
Summer resting 


Winter Resting 


Spawning 
7 Incubation 
Fry/Larvae 
Juvenile 
Feeding 
Aquatic source 
Adult 
di uvenile 
Bry 
ereacr at source 
| Adult 
Juvenile 
Fry 
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IN-CLASS PROBLEM #2 - Answer Sheet 
Slide Quiz Identifying Habitat Features 
BLM Training Course No. 7000-12 


Instructions: 


You will be shown 10 photographs of streams and asked to name the identified habitat feature. 
Circle only one answer per question. 


10. 


Name this mesohabitat: A. Riffle B. Step pool _(C. Dammed pool) D. Cascade 


According to Rosgen’s classification, this channel type isan: A B C ) eke AG; 


This habitat feature is a: A. Glide C. Braided channel _D. Pool 
This type of ice is:(A. Anchor) B.Shelf C. Frazil D. Cube 


Name this mesohabitat: A. Mid-channel pool 8B. Lateral scour pool CC. Cascade 
D. High gradient riffle) E. Low gradient riffle 


Name this mesohabitat: A. Backwater eddy B. Low gradient riffle C. Cut-off meander 
D. Braided channel €. Glide) 


Name this mesohabitat:{A. Low gradient riffle} B. Cascade C. Waterfall D. Run 
A pool formed here would be a: A. Lateral scour pool B. Dammed pool (C. Plunge pool 


D. Mid-channel pool E. Run 


A pool formed here would be a:(A. Lateral scour poo) B. Dammed pool C. Plunge pool 
D. Mid-channel pool E. Run 


Name this mesohabitat: A. High gradient riffle (B. Ru) C. Low gradient riffle D. Pool 
E. Cascade 


IN-CLASS PROBLEM #3- Angyey» Sheek 
Selecting a Reference Reach 
BLM Training Course 7000-12 

The Problem: 


Selecting a suitable reference reach can be a challenging and thought provoking undertaking. In 
this exercise, we will be comparing the characteristics of five Clark Fork River test reaches with 
those of three possible reference reaches. Your objective is to select a reference reach for each of 
the five test reaches based upon the photographs and data provided. In this case, the 
“disturbance” was water quality related, so no water quality data are presented. 

Your assignment is as follows: 


ie Review the Power Point photographs of the eight reaches, noting valley, channel, and 
habitat characteristics. 


Zs Review the attached data plots which compare the test and reference reaches. 


eh Develop a “decision matrix” to help you compare and contrast the reaches. An example 
matrix is provided below. 


4. Select a reference for each of the five Clark Fork test reaches. 
at Present, discuss and defend your choices. 
RATING FOR EACH CHARACTERISTIC 


Big Hole Flint Ck Rock Ck 
P23 4567 8 91012 234567891011 12 123456789 101112 


TOSSES al a a Na 
Sd AUN a ha I 
croc) This js a subjective” exercise, 
GERSON GNM eMIME NS 


Ratings: 1 = Similar | 2=Somewhat similar 3 = Not similar 





Characteristics: 1 = Valley; 2 = Channel; 3 = Habitat; 4 = Ave. Ann. Flow; 5 = Monthly Flows 
6 = Basin area; 7 = Main ch. length; 8 = Channel elev.; 9 = Stream gradient; 
10 = Total roads density; 11 = % altered channel; 12 = Ratio irrigated land 


G 


IN-CLASS PROBLEM #4 — Answer Sheet 
Applying SSTemp for Limiting Factor Analysis 
BLM Training Course No. 7000-12 


The Problem: 


As discussed in class, SSTemp is an easily applied model that can be used to evaluate water 
temperature as a potential limiting factor for a target species and to investigate the influence of 
possible management actions. In this exercise, you will be predicting mean daily and maximum 
water temperatures in the Middle Rio Grande from Albuquerque downstream 12.3 miles to Isleta 
based upon a given set of hydrologic and climatologic conditions. Your target species will be the 
Rio Grande silvery minnow. 


Your assignment is as follows: 


(he 


2 


Working in pairs, load the SSTemp software and review the Power Point photos. 
Input the attached data on the SSTemp program data screen. 


Run the model to determine the predicted mean and maximum daily water temperature at 
Isleta on September 3. 


Based upon the attached hypothetical water temperature suitability index plot for Rio 
Grande silvery minnow, how has temperature suitability changed between Albuquerque 
and Isleta? Mean femp Fe MAIS Fa op fs wus Farge. 


For the climatologic conditions on which this problem is based, do you consider water 
temperature to be a limiting factor forthe minnow? Ve 


Total shade has been set at 5%. “Game” with this potential management variable. How are 
mean and maximum temperatures affected by increasing shading to 25 and 50%? How 
does this affect temperature suitability? {; fle etvfect. 


On the Tool Bar, go to the View Flow/Distance Matrix and inspect the various graphs. If 
due to drought flow were reduced 67% to 221 cfs, how is mean temperature suitability for 
the minnow affected? Pepa ins at high cahk of spt Rk range. 


If this channelized stream segment were to be re-constructed to increase meandering, 
thereby increasing segment length to 16.0 miles, how is mean temperature suitability for 
the minnow affected? Re taaies freer high ErA of Of Es pt be Prange, 


Discuss your results and conclusions. 
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IN-CLASS PROBLEM #5 ~— Aaswer Sheet 
Identifying Potential Limiting Factors Using HSI Models 
BLM Training Course No. 7000-12 


The Problem: 

The Habitat Suitability Index (HSI models developed by the U.S. Fish and Wildlife Service are a 
user-friendly approach to identifying potential limiting factors for aquatic habitat restoration. In 
this exercise we will apply the cutthroat trout model, one of many that has been developed for 
terrestrial and aquatic species nationwide. Application of the model will allow us to identify for 
which life stage habitat quality is potentially most limiting, as well as those habitat variables most 
responsible for impaired habitat quality. Once these variables have been identified, concise yet 
quantifiable restoration objective statements can be written. 


Your assignment is as follows: 


E 


Review the Cutthroat Trout HSI manual provided in your handouts, paying particular 
attention to a) Figure 1 on page 8 which illustrates the relationship between model 
variables, components, and HSI; b) pages 11-17 which present the suitability curves for 
each variable; and, c) pages 22-26 which present the component and overall HSI models. 


Review the attached sample data sets for our reference and test stream reaches. Please be 
sure you understand how the suitability index (SI) values for each variable were obtained. 


Working in pairs, calculate the component (adult, juvenile, fry, embryo, and other) and 
species HSI scores for the reference and test reaches using the riverine models. Calculate 
the species HSI using the equal component value method on page 24. To save time, let’s 
have half the class work with the reference data and the other half with the test 
data. We’ll post all scores on the board. 


For the test reach, identify which life stage(s) is potentially most limited by habitat quality 
based upon the component scores. Also, for all life stages, identify which habitat variables 
are most limiting. 


Prioritize the habitat variables identified in Step 4, and for the top 3 (those you feel are 
most limiting and which can be managed for), write concise, quantitative restoration 


objective statements. 


Present, discuss, and defend your findings. 


_ Component Reference Test 
a 0.95 , Tees 
ee 1.00 P37 
ee 0.9/7 0.55 
Bs , 1.00 0.40 
G. 0.96 0.40 


Species HSI | 0.98 B.37 


ee 


———— 


Reference Test 
Data set Data set . 
Variable Data Sy S71 





Max. temperature 
eA: Vy 14 


X. temperature : | 
Teo) Vo 12 1.0 17 


Min. dissolved 0, 


16 ea 


p=) 
a=) 


(mg/1) V3 9 1.0 6 0.42 
Ave. depth (cm) Vy ASS Ons) 18 0.6 
Ave. velocity 

(cm/s) Vs rat Los 20 O57 
% cover V. 20 A 0.95 10 Audsb5 

Jha wiU292 
Ave. gravel size 

(cm) ee 4 1.0 2:5 1p 
Dom. substrate 

S1ZERCCM) Me LS es 8 Ory. 
Dom. substrate 

class Vong A Lav} S 0.6 


% pools Va aul Haas 1.0 10 


» AViocn. 


vegetation Vis 225 10 200 Fae 

% bank vepeeaLacn Viz a5 end 40 Chan 

‘Max: pH Vie veel 120 Vee 1.0 

% Ann. base flow- Vin 37 0.8 25 0.5 

Pool eiess ie A Ty 8 

% fines (A) ‘pe 5 1.0 20 0.5 

% fines (B) ae 15 0.9 30 0.6 

% shade ss meng agen 60 1.0 


Poo! de yelopreat * Shading Would be high 


priercbses 


IN-CLASS PROBLEM #6 - Answer Sheet 
Applying [THA and RVA 
BLM Training Course No. 7000-12 


The enhlen 


The Indicators of Hydrologic Alteration (IHA) procedure can be used to compare a river’s stream 
flow regime before and after a water management change, thereby quantifying the magnitude and 
direction of change for 32 parameters considered to be of ecological significance. The Range of 
Variability Approach (RVA) can then be applied to establish target ranges for each of the 32 flow 
parameters, which if met, will help to restore a regime more similar to the pre-impact condition. 
The degree to which the RVA target range is not attained is considered a measure of hydrologic 
alteration. In this exercise, we will apply IHA and RVA to assess the degree of hydrologic 
alteration which has occurred as a result of the construction of Cochiti dam on the Middle Rio 
Grande in the early 1970's, 50 miles upstream of Albuquerque, NM. Our pre-impact period-of- 
record will be 1942 - 1970, while our post-impact period will be 1975 - 1999. 


Your assignment is as follows: 


12 Load the CD containing the program and follow the instructions on the attached page to 
run your analysis. 

2 From. the mass of results you will obtain, locate and review a) the mean monthly flow 
alteration plot; b) the IHA Parametric Scorecard table; and c) the IHA Parametric RVA 
Scorecard table. 

35 Following your review of results, answer the following: . 


a) Are mean monthly flows higher or lower since Cochiti dam was built? Shroher 
b) Are days of zero flow more or less common since Cochiti was built? ess 

c) Is the date of maximum flow earlier or later in the year since Cochiti? Farvleer 
d) Which month has seen the greatest flow increase (in cfs) since Cochiti?_Jaly 


e) Are flows generally more or less variable since Cochiti? MTFC SS a eT oh sor 
f) Which Parameter Group has been most affected by Cochiti? Parameter Croxp iti? Paremeter Coonp #2 


g) Which month has the widest RVA target flow range? May 
h) For which month have post-Cochiti flows best met the RVA targets? Auguet 


i) For which month have post-Cochiti flows least met the RVA targets? Jan a 

j) Have post-Cochiti flows best met the “minimum” or “maximum” RVA targets? /7 @X/Mkm 
4. Discuss the possible biological Snes of these hydrologic alterations for the Rio 

Grande silvery minnow. 


Indicators of Hydrologic Alteration 
Attachment to Problem Set 6 


Load CD into Drive. Double Click [HA folder 
“Unzip” IHA onto your computer. 


IHA Program Setup: 

Double-click the “setup” program to load IHA program. 

(it is highly recommended you put this program right in your root directory and do not use 
spaces or long names as the directory name; i.e. C:/IHA 


Next, copy “Batchfor.exe” from the CD to the directory where you set up THA. an) is a patch 
for a bug found. 


Open THA. 
Hy 
THA.exe 
Data file we will use is RGAlbdis.dat located in the IHA folder on the CD. 

Copy this file to your directory (makes it easier to use). This file is already in IHA format. 


From pull—down menu, run “Wizard” off the THA Analysis. 


Your parameters are: 

Data fileis: RGAIbdis.dat 

Data file is already in IHA format ( on your CD or in the folder where you loaded THA). 
We are comparing two time periods. 

Pre-Impact period is 1942-1970 

Impact year was 1971 

Post-Impact Period is 1975-1999 

Run a parametric analysis 


Name the files whatever you like (keeping them short) or use the default filenames. 


Previous.Par file 
(And/or Myparameters.par for parametric test) 


&initial 
infile='C:\IHA\RGAIbdis.dat' 
outscore='C:\[HA\Previous.sco' 
outpct='C:\IHA\Previous.pct' 
outsum='C:\IHA\Previous.ann' 
outR VA='C:\IHA\Previous.rva' 
outBA W='C:\IHA\Previous.baw’ 
outLsq='undefined' 
outMsg='C:\IHA\Previous.msg' 
BigTitle='Rio Grande @ Albuquerque' 
TwoPeriods=T d 
Impact Year=1971 
BeginPre=1942 
EndPre=1970 
BeginPost=1975 
EndPost=1999 
HiPulseLvl=1. 
HiRVAlim=1. 
LoPulseLvl=1. 
LoRVALim=1. 
Parametric=T 
Absolute=F 
BegDay=1 
EndDay=366 
Watershed=1 
Normalize=1 
Beg WatrYr=275 
Nmissing=10 
Rmissing=999999 
MKS=F 
ve 
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Pre-impact period: 1942-1970 (29 


MEAN 
Pre Post 


Parameter Group #1 


October 296.4 485.6 
November 859.9 985.4 
December sila ab OZ eS 
January 660.9 946.8 
February 844.7 1094.8 
March 791.2 SSS 55) 
April 1638 55 2169.4 
May 2SP5 22 3441.5 
June 2206.7 Salar er 
July 690.4 1624.7 
August 67023 855.4 
September 327.4 640.5 
Mean |%| change 
Parameter Group #2 
1-day minimum 38.0 16453 
3-day minimum 43.9 167.9 
7-day minimum Stee HA AGFA S) 
30-day minimum 89.9 267.25 
90-day minimum 22979 450.1 
1-day maximum Des7.9 5142.8 
3-day maximum 5183.9 4964.4 
7-day maximum 4749.2 4755.4 
30-day maximum SIyAeii hs 4174.9 
90-day maximum 2548.4 3245.1 
Number of zero days 7.86 336 
Base flow 04 es 
Mean |%| change 
Parameter Group #3 
Date of minimum Boeas Zon sO 
Date of maximum Lei. 9 149.4 
Mean [|%{ change 
Parameter Group #4 
Low pulse count Bri, SoS 
Low pulse duration SZ 4.6 
High pulse count 255 Sree 
High pulse duration AM{6)- S) 25.29 
Mean |%| change 
The low pulse threshold is 241.25 
The high pulse level is Zone rou 
' Parameter Group #5 
Rise rate T5353 13458 
Fall rate =A dS Sues 5) 
Number of reversals 13435 isl chee? 


Mean [%| change 


IHA Parametric Scorecard 


Rio Grande @ Albuquerque 


years) 


COEFF. of VAR. 


Pre Post 
eed -82 
5 1S} - 48 
«D5 -41 
a25 SI 
-40 .65 
baal -48 
LcssOlal Oo 
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5 eke) stZ 
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.74 ees 
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Magnitude % 
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Pee) 14. 
2MOR 2 2a 
285.29 43. 
RNG ea 2% 
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530/09 32%. 
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Post-impact period: 1975-1999 
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S125 SSS aib 
ede: ees 
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=e Ne = alee 
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as SKS =31 5.4 
= site! Ba OS) 
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sail yal ieee 
seh ks rae 
5k uke SN 
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=—236 Sf 5) 
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aS HS oal 
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noe 20.8 
SOK —ehehigl! 
29.4 
oo 20724 
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THA Parametric RVA Scorecard 


Rio Grande @ Albuquerque 


Pre-impact period: 1942-1970 Post-impact period: 1975-1999 
Std. Range Limits Std. Range Limits 
Means Dev. Low High Means Dev. Low High 
Parameter Group # 
October 296.4 des! (a) 1403.5 485.6 .8 38.4 1801.6 
November 859.9 7 66.1 22 tO 985.4 a6) 144.8 23023 
December G12 5 270.4 2053.5 1021.3 A 480.4 2276.5 
January 660.9 Z, 391-56 LOO. 0 946.8 .4 486.4 ZL SBT 
February - 844.7 4 453.3 QLAS AO 1094.8 al 589.8 3562 a1 
March FIL Z 20 Su Oviee Zs ZLOZeS PS B70 Fe) 480.0 Z2790;.3 
April L638. 5 se. 5 Ave 8570.7 2169.4 > 6 isha? 6342.6 
May Z2OUS a2 1.0 112.0 117236.1 3441.5 ae 148.3 6203.2 
June 2206.7 0 11S 6 6993.0 SHE Ibe | as) 336.4 6113.0 
July 690.4 1.4 .0 4182.9 16247 a) 333.4 5438.7 
August 670.3 I rid 28.4 3687.1 855.4 .8 218.3 3451.9 
September 327 04 aRet 1259 1614.5 640.5 ced 69.6 1554.0 
Parameter Group #2 
1-day minimum 38.0 Zed .0 39570 Lots 0 0 215.0 
3-day minimum 43.9 Ze 10 433.0 L619 0 0 eae! 
7-day minimum SO ere 20 ae) 503.53 187.9 a9 =) 560.3 
30-day minimum 89.9 tae} a48) 52.6720 ZO) at Sia 606.1 
90-day minimum 229.9 ad Sees 582.0 45052 AG Bet stk 
1-day maximum 5837.9 sis 1080.0 20600.0 5142.8 4 1640.0 8650.0 
3-day maximum SIL SIG Mi, 970.0 16400.0 4964.4 .4 1466.7 8400.0 
7-day maximum 4749.2 sah 901.3 13628.6 4755.4 a Li38 ad 8172.9 
30-day maximum ST Brat .8 670.5 OSs) 4174.9 a5 59355 Uses 
90-day maximum 2548.4 .8 Sebi) 9062.6 3245.1 5) 55 Ona. 5886.4 
Number of zero days T.9 20 .0 68.0 A! 4.5 .0 8.0 
Base flow .0 ies) .0 oe a +9 0 4 
Parameter Group #3 
Date of minimum 29283 el 20 319.0 257.6 al Pod0 345.0 
Date of maximum 161.9 Be 39.0 BSae0 149.4 i Sele 23 450,0 
Parameter Group #4 
Low pulse count : Siw .6 .0 20.0 Slings. AS 0 16.0 
Low pulse duration Bii2 =A] .0 26000 4.6 A) 0 29.0 
High pulse count 205 0) .0 9.0 Si 0) ay) 0 tah @) 
High pulse duration 10.3 lea .0 S0)5 259 a0) 0 79.0 
The low pulse threshold is 24 dee25 
The high pulse threshold is 2653.81 
Parameter Group #5 
Rise rate L593 at | 50.7 (Sah) 134.8 cd 66.7 CAINE Via 
_Fall rate -141.6 -.8 -619.0 =41 .6 =122.5 -,3 -194.5 =5on3 
Number of reversals | 134.5 1 92.0 LS OrI0 Loire aah 109-0 fle U) 


al 


RVA TARGETS HYDROLOGIC 
ALTERATION 
Low High 

28.92 678.46 -29 
236629 1483, 52 28 
365.26 1256.94 .10 
496.12 829515 -.61 
504.24 LES 5.15 ola 
309.74 1272.66 SEPA: 
493.92 338051. 34 .04 
POOLS 5734.64 230 
33909 4427.62 .24 
133.08 1679.89 .16 
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14635 Ge LOZ 62.4.0 .38 
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12591). 62 8239.09 na We 
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B05 4.91 .01 
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291.30 =B86.15 .16 
120.44 148.60 .05 
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IN-CLASS PROBLEM #7-Aaswer Sheet 
WinXSPRO Applications for Instream Flow Analysis 
BLM Training Course No. 7000-12 


The Problem: 


As we’ve discussed, WinXSPRO is a user-friendly program which allows you to model the 
hydraulics of single stream cross-sections over a range of flow conditions. These capabilities allow 
the program to be used for some instream flow applications. In this exercise, you will model a 
cross-section from a small cutthroat trout stream and use the output to develop instream flow 
recommendations. 


Your assignment is as follows: 
ie Load the WinXSPRO program and review. 


2, Input the cross-section data provided on the attached page. These data were collected at 
water stage = 1.8 ft. 


of Run the program using a constant slope of 0.003 and a Manning’s n of 0.04 for low stage 
and 0.03 for high stage. The range of water stage you should model are from 0.5 ft up to 
2.4 ft. 

4. Once you’ ve obtained your model results, check your output using the following field 


measured flow values: 1.2 ft stage = 26 cfs; 1.7 ft stage = 70 cfs; 1.8 ft stage = 78 cfs. If 
your output is more than 5-10% different than these values, better double-check things. 


Sy Plot wetted perimeter against flow and identify the inflection point. The flow at the point 
of inflection is commonly recommended as a late season baseflow because it avoids the 
flow range having the greatest rate of habitat loss and it protects a high percentage of the 
available rearing (food and cover) habitat. 

a Qrp = Derr 


6. Suitable cutthroat trout spawning habitat in smaller streams has been described as having a 
water velocity of 1.0 to 2.0 ft/s, a water depth of at least 0.6 ft, and a gravel substrate. 
Assuming the substrate is gravel, inspect your hydraulic output table and identify the flow 
for which mean velocity and depth first meet these criteria. This flow can serve as a 
Spawning and incubation recommendation. 

: 3 @ rE = we, Sichs 


ass Compare and discuss your recommendations. 


Location 


(ft) 


Tape Height 
(Ft) 


0.3 

0.92 
nae 

1.54 
1.66 
L77 
1.83 
1.88 
Jee 
2.00 
eae: 
2.05 
2.09 
eth 
Pa 
2.24 
2.45 
2.64 
elke 
Ley i. 
0.92 
0.3 


Cross Section Data for Probleni Set 











HARKAEKARKKAKAKKRKKAEERAAEEEEA AWS NXSPRO*R FAFA RARERAKKKEAKERERARAEREKKREKE 


C:-\PROGRAMS \WXSPRO20\WSC. OUT 


Input File: C:\PROGRAMS\WXSPRO20\WSC. DAT 
Run Date: 06/05/02 

Analysis Procedure: Hydraulics 

Cross Section Number: 1 

Survey Date: 7/25/98 


Subsections/Dividing stations 
A 


Resistance Method: Manning's n 
SECTION A 
Low Stage n 0.040 
High Stage n 0.030 
STAGE #SEC AREA PERIM WIDTH R DHYD SLOPE 
(Tt) (sq ft) (Tt) Gao) Cm), (ft) (FL/Tt) 
025077, 1.89 10.40 LOMT7. 0.18 0.19 0.003 
O56012 7, Sule 14.93 14.66 0.21 0.22 0.003 
Ons Os art At S 17..31 17.00 O'S. Jag 0.28 0.003 
OFSO57 7. 6.57 19.64 19.29 0535 0.34 0.003 
O90. iT. 8.59 Zink 20.91 0.40 0.41 0.003 
iba eldh aa 10.74 22053 22.08 0.48 0.49 0.003 
eLOeT 13.00 23.64 23.0L2 0.55 0.56 0.003 
120507 15.38 25.29 2471 0.61 0.62 0.003 
cesT tT: 17.89 25.96 25.28 0.69 Oia 0.003 
AQT 20.43 26.26 25.49 0.78 0.80 0.003 
Lau ae) 22.99 26.56 25.70 0.87 0.89 0.003 
TOO ih 25K 57 26.86 Faye 0.95 0.99 0.003 
Lar Owe, PAS IN Ws eyOLe 200 Ue 1.04 1.08 0.003 
Lh a a 30.80 ZIGAT 26.33 Lake Up yy 0.003 
Le SIOVE iT, 33.44 Zfi76 26:57 1320 1.26 0.003 
2200 eT 3601 28.10 26.82 1.28 135 0.003 
7B OP cave 38.80 28.42 27.06 iNieye 143 0.003 
P2006 £% 41.52 28.74 Ligsk 1.44 we 52 0.003 
255017 44.27 29.07 27.56 Ty 52 Ld 0.003 
2.40 T 47.04 29.39 Pa eR Mh 1.60 1.69 0.003 
STAGE ALPHA FROUDE 
0.50 1.00 27 
0.60 1.00 0528 
0.70 1.00 0.29 
0.80 1.00 O7a1 
0.90 1.00 0.32 
1.00 1.00 0.34 
i210 1.00 0.35 
1.20 1.00 0.36 
1.30 1.00 Ors 
1.40 1.00 0.39 
Le50 1.00 0.40 
1.60 1.00 0.41 
swe) 1.00 0.42 
1.80 1.00 0.43 
1.90 1.00 0.44 
2.00 1.00 0.46 
2240 1.00 0.47 
Da20 1.00 0.48 
230 1.00 0.49 
2.40 1.00 0.50 


elolelelelelejloeloejejojejeyoeloejojojoejeoy@=) 
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n 


WWWWWNNNNNEP RP RHP HHH OOO 





==« ¢‘\programs\wxspro20\wsc.out 
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IN-CLASS PROBLEM #8 - Aasver S heet- 
Using RHABSIM to Evaluate Instream Flow Trade-Offs 
BLM Training Course No. 7000-12 


The Problem: 


RHABSIM is a somewhat more user-friendly version of the PHABSIM (Physical Habitat 
Simulation) model, a key component of the IFIM (Instream Flow Incremental Method). This 
approach to instream flow determination is likely the most universally applied procedure of its 
kind and has been used world-wide to develop instream flow recommendations for a myriad of 
aquatic species. In this exercise, you will apply the output of the RHABSIM model to develop, 
justify, and defend monthly instream flow recommendations for a small stream having three 
species of trout. The information provided on the attached pages includes: 


1) WUA plots for 3 salmonid species and life stages 
2) WUA summary table by species and life stage 

3) Mean monthly hydrograph plot 

4) Flow duration table 


Assignment: (work in pairs) 


1) Develop a periodicity chart for each species. ( 4 charts attached) Bullé brow, front are Fall 


e A a ‘ S&S Pra SPA wpl pL wt th try 
ehatetie Ra jACuBat fon hue Ww Rie Cub irons Sonne eer. os Problem Set # } 
2) Using WUA information, determine optimum flow for each month and life stage for each 


species. SRhorn on WUR-Q pies Ser 2ach Speers & Jife SF 4 gf, 


3) Using the 4 periodicity chart, combine the optimum flows for each species, life stage, and 
month. 


4) Evaluate instream flow trade-offs by month, keeping in mind that both bull trout and 
cutthroat trout are considered “sensitive” species (for the purposes of this exercise). 
Somewhat Subjective twill vary by participant. 


5) Compare monthly instream flows to historic hydrograph and flow duration values. 
ased on suttome gf #Y, 
6) Recommend an instream flow for each month. The recommendations of all pairs will be 


tallied on the board at the front of the room. 
Basted on onteswe ot BY &#S. 
7) Compare your recommendations with the others. 


8) Be prepared to discuss and defend your recommendations! 
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IN-CLASS PROBLEM 49 = Agswer Sheet. 
Barrier Analysis for Cutthroat Trout 
BLM Training Course No. 7000-12 


The Problem: 


Are cutthroat trout able to pass the barrier presented on the plot below during their spring 
spawning migration? Assuming a burst speed of 13.0 ft/s and a leap angle of 60 degrees, analyze 
the barrier to determine if fish can pass using the leaping equation presented in lecture. 


Plot the leaping curve on the barrier plot. See Je# plot . 


If the fish cannot pass, how would you physically modify the barrier, a boulder/cobble waterfall, 
to assure passage? See Jad pet. 


If you wanted only the hardiest fish to pass and spawn, how would you modify your restoration 


plan? See 3rd plot. 


a 


p (fe) 






Sererer 





Het of Lea 
haath ease 





HEIGHT OF LEAP (ft) 





5 6 
LENGTH OF LEAP (ft) 





HEIGHT OF LEAP (ft) 







6 - 
5 ee ee a N 
4 Trout. ————— "os 

Leaps ae me 
3 See ay . 

aS! : MODIFIED BARRIER] — 

1 se WITH STEP POOLS 
0 


Gee eG eG ro 0 ee 
LENGTH OF LEAP (ft) 





HEIGHT OF LEAP (ft) 





Trout 


4 / : 
Leaps \ i 
3 He oa 
t XN 
; \ 
Yy ; 
a oS = Me | 
ER MODIFIED BARRIER 
i a WITH STEP POOLS 


Ona oer ote Fee EG hf ees Oe OO ore Oar |e lO 


LENGTH OF LEAP (ft) 





IN-CLASS PROBLEM #10 ~ Answer Sheet 
Douglas Creek Culvert Analysis & Design 
BLM Training Course 7000-12 


The Problem: 


Engineers are planning to install a new culvert under the Douglas Creek road. The present design 
calls for a 154 ft steel pipe arch (12'10" x 8"4") on a 0.8% grade. Hydrologic studies indicate the 
culvert will carry flows ranging from 1.6 to 200 cfs during the spring runoff season, the same time 
during which cutthroat trout will be moving upstream to spawn. 


Using the FishXing software, analyze the design the engineers are planning to use to determine if 
cutthroats will be able to successfully pass upstream through the culvert on their spawning run. 
Assume no inlet or outlet problems exist and a constant tailwater condition with 101.5 ft as the 
pool surface elevation and 99.0 ft as the outlet pool bottom elevation. Use the User selected 
swim speeds, with a prolonged speed of 4.0 ft/s for 30 minutes and a burst speed of 13.0 

ft/s for 15 seconds. 


If the fish cannot successfully pass through the culvert, use FishXing to re-design the culvert so 
that design flows can still be carried and the cutthroats can pass. The length of the culvert must 
remain at 154 ft. } 


Compare and discuss your results with the class. 


One poss ble Solutran attached. 
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Culvert Report for 1 


Culvert Installation Data 
Culvert Type: 157 X 101 in Pipe-Arch 
Construction: CMP (3 X 1 in corr.) 
Installation: Sunken 
Countersunk Depth: 0.5 ft 
Culvert Length: 154 ft 
Culvert Slope: 0.80% 
Culvert Roughness Coefficient: 0.027 
Natural Bottom Roughness Coefficient: 0.05 
Inlet Invert Elevation: 102.23 ft 
Outlet Invert Elevation: 101 ft 
Inlet Headloss Coefficient (Ke): 0.5 





Design Flows 
Low Passage Flow: 1.6 cfs 
High Passage Flow: 200 cfs 


Embedded Culverts 


Embedded culverts, also commonly known as sunken, countersunk, or depressed culverts, have their 
bottom placed below the streambed. This placement results in a culvert with natural substrate along 
the bottom, typically increasing the bed roughness and resulting in lower velocities. 


The sunken culvert option can also be used to model metal pipes with concrete-lined bottoms. 
Choose Sunken and enter the approximate depth and roughness of the concrete. 
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Table 2. Gradually Varied Flow Calculations for 1.6 cfs. 





ae We? 0.00 Inlet 
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Table 3. Gradually Varied Flow Specifications for 1.6 cfs. 





Barrier Codes 
Depth - Too shallow for substantial distance 
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Figure 3. Water Surface Profile at 1.6 cfs 


Table 4. Gradually Varied Flow Calculations for 50 cfs. 
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Table 5. Gradually Varied Flow Specifications for 50 cfs. 


1.38 
0.97 
1.66 
4.30 


0.34 
1.46 


Ag 


nee 





Barrier Codes 
NONE - No Barrier 
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Figure 4. Water Surface Profile at 50 cfs 


Table 6. Gradually Varied Flow Calculations for 200 cfs. 
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Table 7. Gradually Varied Flow Specifications for 200 cfs. 





Barrier Codes 
NONE - No Barrier 


Depth vs. Distance Down Culvert at 200 cfs 
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Figure 5. Water Surface Profile at 200 cfs 


Tailwater Information 
9 Constant Tailwater Elevation: 101.5 ft 
Outlet-Pool Bottom Elevation: 99 ft 


HPF - High Passage Flow = 
Depth - Insufficient Depth Gi 
Vel - Excessive Velocity 

Leap - Excessive Leap 

Pool - Shallow Leap Pool 


Water Velocity vs. Discharge 
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Figure 1. Velocity at Uniform Flow 





Depth in Culvert vs. Discharge | 
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Figure 2. Depth at Uniform Flow 


Culvert Types G 


FishXing allows you to choose from the four predefined culvert shapes shown below. 
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Also see: 
Construction Materials 


IN-CLASS PROBLEM #11 - Antwer Sheet 
Determining Design Flow 
BLM Training Course 7000-12 


Background: 

The flood flow having a 2 year recurrence interval (Q,,) is often assumed to approximate the 
bankfull discharge, a level commonly used as the high design flow estimate for stream restoration 
projects. Unfortunately, long-term U.S.G.S. gage records seldom exist for stream reaches where 
restoration efforts are planned. As a result, hydrologists have developed easily applied methods 
for estimating the needed design flows based upon either watershed or channel characteristics. 
This exercise will give you experience in applying these estimation techniques and comparing the 
results to flood frequency analysis of 25 years of gage records. 


The Problem: 
Flood frequency analysis of the 25 year period-of-record at USGS gage #06274500, Greybull 
River near Pitchfork, WY yields the following results: 


Annual Exceedance Probability Streamflow (cfs) 

0.99 720 

0.95 952 

0.90 1116 
0.80 1367 
0.50 2081 
0.20 3305 
0.10 4283 
0.04 5724 


Based upon this analysis, what is theQ.,? JO8/ cfs 


Based upon Lowham’s (1988) watershed characteristics model for Wyoming mountain streams, 
Qy = 0.012A°**(ELEV/1000)*”*, where A is watershed area (260 sq miles) and ELEV is mean 
basin elevation (9000 ft), what is the estimated Q,,? 2020 cfs 


Based upon Lowham’s (1988) channel characteristics model for Wyoming mountain streams, 
Q:) = 1.94W'**, where W is active channel width (95 ft) measured just downstream from a 
meander, what is the estimatedQ,.? 25 86 eks 


Compare your two estimates to the value based upon the gage record. 


Which estimate is furthest from the gaged value? Why might this be? rm 
Channel wihth medelestinate fs furthest. The chenne/ has 


prebebly widened out due lo its sondy compestt: on ond 
catensiye Jandé wees suel aft Prazrhg ; 


IN-CLASS PROBLEM #12 - Answer Sheet 
Boulder Stability 
BLM Training Course 7000-12 


The Problem: 


You are designing a boulder placement as part of a structural habitat management program for a 
mountain stream. At your high design flow, water depth will be 3.0 ft at your anticipated boulder 
site. Channel slope is 4.0%, or 0.04. You prefer to use 2.0 ft diameter boulders since they are 
available close to the site. 


Using the Shield’s relation, Lane’s relation, and the Highway Research Board relationship, as 
presented in the Power Point presentation, evaluate the stability of a 2.0 ft diameter boulder at 
your high design flow. Assume R = D; specific weight of water = 62.4lbs/ft; specific weight of 
the boulder = 165lbs/ft’; and k = 0.03. 


Shear stress acting on channel boundary = 7. S1he/pe* wr = dw DS = (62.4) (3.O)C. oy) 


Critical shear using Shield’s relation = 6. 2 /bc/¥# Be Will boulder move? Je cs 
tezk (bs-Sy)h= . a7 (/és-62.4)2.0 


Critical shear using Lane’s relation = /0.0 /bs/ ¥é7 Will boulder move? Mo 
Jar 0.0724 Ce - , O49 C6) 


Critical shear using HRB relation = _§-O/bs/¥?? __. Will boulder move? NO 
Po 7 oe) 


If results are mixed, what should you do? /) Yee Jo rger rook 
2) Use reek clusters 
3) Ancher (nF bea 


IN-CLASS PROBLEM #13 4asi#t> Sheet. 
Applying Stream Reach Inventory & Channel Stability Evaluation 
Santa Fe River below Santa Fe, NM 
BLM Training Course 7000-12 


The Problem: 

L Review the Power Point photographs of the Santa Fe River. 

2 Using the attached field form and the manual (handout), rate the 15 parameters. 

oh Tally score and determine condition class. 

4. Discuss applicability of SRI/CSE to the streams you work on. Is it a usable tool? How 


might you alter the parameters to better meet your needs? 


Ratings dgaswers are Subjective + peay vary 
Cons  dcrashy among park ai pets. Stores srl! 
li tra ly Sang e from +96 (Farr) £e ~/26 Choor), 
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IN-CLASS PROBLEM #14 ~ Asswer Sheet 
Evaluating Log Overpour Hydraulics 
BLM Training Course 7000-12 


The Problent: 


A low flow notch is often cut into a log overpour structure to concentrate the low flow into the 
downstream plunge pool and to keep the entire log continually wetted to prevent rot. You are 
designing a log overpour for a small stream that is 10 ft wide and has a bankfull depth of 3.0 ft. 
Your design low flow is 2.0 cfs and design high flow is 50 cfs. The elevation of the top of your 
log overpour (excluding the low flow notch) will be 1.5 ft above the streambed. See the diagram 
below. 


Using the weir flow equation, solve the following: 


~ Q=cLH*?, where Q= flow (cfs) 
‘ c = 2.5, a head loss coefficient for log weirs 
L = weir length (ft) 
H = depth, or head, over the weir (ft) 


1) If the desired width of your low flow notch is 2.0 ft, how deep should the notch be to just 


pass your design low flow? ye ia Q mes 2:0 - 0,7 


Ee pas (20) one 
H= 0.4 = 6. 54' = Netch depth 
ee as) a 
2) Taking into consideration the depth of the low flow notch determined in Question 1, will 
_ your high design flow of 50 cfs be able to pass the log overpour structure without spilling 
over the top of the stream banks? 


td x Set 
At bank twill, Hover & at Jog bes fs ; i ; 
ne” Bh aver 2° of fog t LS VOS¥ 2 2.04 


so, Q =[2.5(9)1.5% ] | +)2.5(2) 2.07%] 


= $6.7 + 146% Sl.zats Y Bork ¥ 


Inde the heoh desion flow of SOats 
ee will pust ees witha te Chaornel. 
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Th Compare and discuss your findings and recommendations. 


IN-CLASS PROBLEM #15 — 448 we r Shee & 
Using WinXSPRO to Evaluate Restoration Options 
BLM Training Course No. 7000-12 


The Problem: 


WinXSPRO is a user-friendly computer program that can be applied to the solution of many 
aquatic habitat restoration questions. Based upon data from a single cross-section, both hydraulic 
and sediment transport predictions can be made to evaluate restoration options over a range of 
flow conditions. Earlier in Problem #7, we used the program to develop instream flow 
recommendations. In this exercise, we will apply the bedload transport options within WinXSPRO 
to assess the feasibility of spawning gravel placements. 


Your assignment is as follows: 
it Load the WinXSPRO program and review the bedload transport options. 


2) We will use the same cross-section data for this exercise as we did for Problem #7, and 
assume the D,, of the substrate is 50mm (coarse gravel). 


3 Run the Parker (1990) bedload transport model to determine the stability of this coarse 
gravel over a range of flows up to 150 cfs, our high design flow. Does this size of coarse 
gravel remain in place over this flow range? Yes 


4. While we do not have spawning gravel size criteria for the Colorado River cutthroat trout 
in our small test stream, we do have bed material particle size distribution information 
collected from the redds of similar sized brook and brown trout from similar nearby 
streams. Review the attached particle size distribution plots and determine the D,, of bed 
materials selected by spawning brooks and browns. We will use these gravel sizes as our 
design criteria for cutthroat spawning enhancement. Bréwa = 227m 

Bacco = | 7 
>. Re-run the Parker (1990) bedload transport model to determine the stability of the brook 
_ and brown D.,,'s. Do these size gravels remain in place over our range of design flows? 
Yes for 22mm, )¥mm begin to move at over ~ /bbdets 
6. If these gravel sizes are not stable up to 150 cfs, what other options might you consider 


to enhance cutthoat spawning in our test stream? Gravels 7/4mm shonld be ok! ‘ 
ld “9 At consider leg sills st SRatler 
material desrrakle. 
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- Brown. Trout: 
(n= 421) 
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Particle Size (mm) 


Size distribution of bed material particles in Brown Trout and Brook 
Trout redds, Medicine Bow National Forest, Wyoming. 
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edload Computation Dp = 

:: programs \wxspro20\wsc.p90 $0 = SOny 
‘nput File: C:\PROGRAMS\WXSPRO20\WSC.OUT 

un Date: 06/06/02 

wnalysis Procedure: c:\programs\wxspro20\wsc.p90 Parker 1990 sO 


Stage #Sec width Shear Q Bedload 
tt) (ft) (psf) (cfs) (lb/s) 
Behe Uh LOT 7 0.03 1.24 0.00 
0.60 T 14.66 0.04 Ze 35 0.00 
es ek 17.00 0.05 4.20 0.00 
Us o0sat 19.29 0.06 6us2 0.00 
O90; 20.91 0.08 10.09 0.00 
1.005 7 22.08 0.09 14.31 0.00 
12100 °T 23012 0.10 19.33 0.00 
Ai Oh 9 24.71 Ovid 24.81 0.00 
ae) US" a 25.28 0713 31.84 0.00 
LEAD E TT 25.49 O15 40.00 0.00 
Pe Oh 8 2500 0.16 49.06 0.00 
ee OO 25201 0.18 59.03 0.00 
KAT, een g 26.12 0.19 69.94 0.00 
2.80507 26.33 Oped 81.81 0.00 
2.000 26.57 0.23 94.64 0.00 
2200) eh 26.82 0.24 108.49 0.00 
Deli 27.06 0.26 123.42 0.00 
oc20euT OE et 0.27 139.46 0.00 
2e3 QR 27.56 0.29 156.66 0.00 
2A T 27 se 0.30 175.08 0.00 
Stage Q Bedload 
ae ft3/Sec 1b/Sec 
0.50 1.24 0.00 
0.60 2.3 0.00 
0.70 4.20 0.00 
0.80 6.72 0.00 
0.90 10.09 0.00 
1.00 14.31 0.00 
4.410 19.33 0.00 
De20 24.81 0.00 
1.30 31.84 0.00 
1.40 40.00 0.00 
4.50 49.06 0.00 
2360 59.03 0.00 
Deeg 69.94 0.00 
1.80 81.81 0.00 
1.90 94.64 0.00 
2.00 108.49 0.00 
2eL0 123.42 0.00 
2620 139.46 0.00 
2230 156.66 0.00 
2.40 175.08 0.00 


Bedload Computation x , 
c:\programs\wxspro20\wsc. p90 Bro > 221m 


Input File: C: \PROGRAMS\WXSPRO20\WSC. OUT FAG te 
Run Date: 06/06/02 
Analysis Procedure: c:\programs\wxspro20\wsc.p90 Parker 1990 A 


Stage #Sec width Shear Q Bedload at 
(Ft) (Ft) (psf) (cfs) (b/s) @ 
AN eg 10.17 0.03 1.24 0.00 
0.60 T 14.66 0.04 PASS ie) 0.00 
D2 70254) 17.00 0.05 4.20 0.00 
0780 7c 19.29 0.06 Gyre 0.00 
0.90 T 20.91 0.08 10.09 0.00 
1-00 oT 22.08 0.09 14.31 0.00 
PAI 23.12 0.10 19.33 0.00 
1 200 or 24.71 Ori 24.81 0.00 
LSOS eT 25.28 0.13 31.84 0.00 
1.40. 7 25.49 0.15 40.00 0.00 
1.50 ST. 25.70 0.16 49.06 0.00 
1.6025 25.91 0.18 59.03 0.00 
LiOCr 26.12 0.19 69.94 0.00 
SOs 24. 26733 0.21 S1e81 0.00 
1, 90 oer 26.57 0.23 94.64 0.00 
2.000 26.82 0.24 108.49 0.00 
24 ROSE 27.06 0.26 123.42 0.00 
eeeQat 27251 O.27 139.46 0.00 
2430001 27.56 0.29 156.66 0.01 
2.40 T 27.81 0.30 175.08 0.02 

Stage Q Bedload 

Ft Ft3/Sec 1b/Sec 
0.50 2 0.00 
0.60 2030 0.00 
0.70 4.20 0.00 
0.80 6.72 0.00 
0.90 10.09 0.00 
1.00 14.31 0.00 
1.10 19533 0.00 
1.20 24.81 0.00 
1.30 31.84 0.00 
1.40 40.00 0.00 
Leo 49.06 0.00 
1.60 59.03 0.00 
1.70 69.94 0.00 
1.80 81.81 0.00 
1.90 94.64 0.00 
2.00 108.49 0.00 
2.10 123.42 0.00 
2.20 139.46 0.00 
2.30 156.66 0.01 
2.40 175.08 0.02 
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Bedload Computation Dso 2/7rm 
c:\programs\wxspro20\wsc.p90 

Input File: C:\PROGRAMS\WXSPRO20\wSC.ouT /9 

Run Date: 06/06/02 

Analysis Procedure: c:\programs\wxspro20\wsc.p90 Parker 1990 


Stage #Sec width Shear Q Bedload 
(Ft) (ft) (psf) (cfs) (lb/s) 
O20 eT, LOSE. 0.03 1224 0.00 
0.60 T 14.66 0.04 21a 0.00 
eg 1S 17.00 0.05 4.20 0.00 
0.80 T 19.29 0.06 O72 0.00 
Cede te ae 20.91 0.08 10.09 0.00 
L300) 5 T 22.08 0.09 14.31 0.00 
eal Pol 23:42 0.10 19.33 0.00 
Coad te og 24.71 OSE 24.81 0.00 
PO eT FN NS O23 31.84 0.00 
400 47) 25.49 Deis 40.00 0.00 
C250 aT 25.70 0.16 49.06 0.00 
1560 Ger 25.91 0.18 59.03 0.00 
Te 7 Oey, 26,12 0.19 69.94 0.01 
1 DOTeT 26.33 0.21 81.81 0.04 
190607 ZOe>7. 0.23 94.64 0.12 
200 eer 26.82 0.24 108.49 0.28 
gad ROU ag 27.06 0.26 123142 0.59 
22 Oeen fet fe veal) 0.27 139.46 05 
Pe 1 6 ey 27200 0.29 156.66 1.65 
22408 tT Ey 28t 0.30 175.08 59.51 

Stage Q Bedload 

Les Ft3/Sec 1b/Sec 
0.50 124 0.00 
0.60 235 0.00 
0.70 4.20 0.00 
0.80 6.72 0.00 
0.90 10.09 0.00 
1.00 14.31 0.00 
1.10 ie Pe 0.00 
t=20 24.81 0.00 
1.30 31.84 0.00 
1.40 40.00 0.00 
1.50 49.06 0.00 
1.60 59.03 0.00 
1.70 69.94 0.01 
1.80 81.81 0.04 
1.90 94.64 0.12 
2.00 108.49 0.28 
at) 123.42 0.59 
2.20 139.46 1.05 
2.30 156.66 1.65 
2,40 175508 59.51 


Deo = 4am 
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IN-CLASS PROBLEM #16 - 4asver Shect 
SHM Recommendations for the Santa Fe River 
BLM Training Course 7000-12 


The Problem: 


In Problem #13 we applied the Stream Reach Inventory and Channel Stability Evaluation system 
on this section of the Santa Fe River below Santa Fe, N.M. Our analysis indicated this stream was 
highly embedded with sand and finer gravels, aggrading, overly widened, and very unstable. Mid- 
channel bars were common and large bed elements such as boulders caused extensive sediment 
deposition and in some cases, channel blow-outs. Historic land uses coupled with extensive water 
diversion have contributed substantially to this current condition, and should likely be the 
emphasis of any watershed restoration effort. 


The objective of this exercise is to explore the possible role of SHM in the restoration of the 
Santa Fe River. Assuming that land use practices are being modified and efforts for hydrologic 
restoration are underway, complete the following steps: 


ie Carefully review the seven Power Point photos of the Santa Fe and your SRI/CSE 
scorecard from earlier today. 


we Working in pairs, develop a list of up to several SHM treatments you feel may be effective 
in improving habitat quality throughout this reach. If you feel there is no role whatsoever 
for SHM here, say so and be ready to defend your position. : 

ZI antiei pate Sone wy Ht respoed? with “ne pele” and shies her Hf y 
: Suggest an prtey of possite SHB Freatments, My jneline S56 bond 
be #0 raeevrensap varwns Ly pos a deflectors, beth Stngl Wiky 7 ses 
series ant alse double deflectors op const rvedsre, S teed kreatara 
ee wl4 hele to narrey the chemes! jnerease water vejocities, Crasprr 
Shak, raduee erabedbah 259 and [tah £0 a Ceerser SHESFIPRLS, 

Be For the SHM treatments you feel may be beneficial, briefly review the cutthroat trout HSI 
model we worked with on Monday afternoon. Develop a list of HSI variables that may be 
influenced by your recommended treatments. For each affected variable, subjectively rate 
the degree of influence that may result from your SHM treatments. For in-class 
consistency, use “high”, “moderate”, and “low” as your ratings. 


4 Hroh* = Vy, ey V7, Ve, Ve, Vre 
u Moderate” = Vi, Ve Vie, Vir, Vie, VS )Vrr 
SLAW ie V3, Kg, Ver, Ve 


4. Present your recommendations and ratings. 


> Participate in a class discussion of possible SHM treatments and your justification for the 
recommendations you made. 
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ANSWER SHEET 
Pre- and Post-Course Exam 
BLM Training Course No. 7000-12 
Aquatic Habitat Restoration and Enhancement 
Days One to Four 


Possible correct answers include: Population status; Age, growth and condition; 
Reproduction strategy; Food requirements; Predator-prey relations. 


Possible correct answers include: Spawning & incubation; larval stages/fry; juvenile; adult. 
Pool, Riffle, Run (or glide). 

Water and Sediment. 

b, c, and e are correct. 

Historical, Upstream/Downstream, and Paired Watersheds or streams are correct. 

a, b, c, and d are correct. 

a, c, and e are correct. 

True. 

Possible correct answers include: Create downstream scour pool; Promote upstream water 
and sediment storage; Improve passage conditions; Encourage downstream gravel bar 


formation; Facilitate aeration; Reduce excess water velocities; Collect and hold gravels 
upstream; Stabilize downcut channels; Control flow into secondary channels. 


False. 


True. 





vty 





i 
. ate 4 


% 


Citations 


Armantrout, N.B., compiler. 1998. Glossary of aquatic habitat inventory terminology. American 
Fisheries Society, Bethesda, Maryland. 


Bartholow, J.M. 1999. SSTEMP for Windows: The Stream Segment Temperature Model 
Version 1.1.3. US Geological Survey computer model and help file. http://www.mesc.usgus.gov 


Bell, M.C. 1984. Fisheries handbook of engineering requirements and biological criteria. US 
Army Corps of Engineers, N. Pac. Div., Portland, OR. 


Dudley, R.K and S.P. Platania. 1997. Habitat use of the Rio Grande silvery minnow. University 
of New Mexico, Albuquerque, New Mexico. 


Evans, W.A. and B. Johnston. 1980. Fish migration and fish passage—A practical guide to 
solving fish passage problems. USDA EM7100-12, Forest Service. 


FISRWG (Federal Interagency Stream Restoration Working Sere! 1998. Stream Corridor 
Restoration: Principles, Processes, and Practices. 


Hickman, T. and R.F. Raleigh. 1982. Habitat suitability index models: Cutthroat trout. USDI. 
Fish and Wildlife Service. FWS/OBS-82/10.5. 


Holden, P.B. (Ed.). 1999. Flow recommendations for the San Juan River. San Juan River Basin 
Recovery Implementation Program, USFWS, Albuquerque, NM. 


Hunt, R.L. 1993. Trout Stream Therapy. University of Wisconsin, Madison, WI. 
Instream Flow Council. 2002. Instream Flows for Riverine Resource Stewardship. 


Johnson, P.A. and E.R. Brown. 2001. Incorporating uncertainty in the design of stream chanel 
modifications... Journal of the American Water Resources Association 37(5):1225-1236. 


Lowham, H. W. 1988. Stream Flows in Wyoming: US Geological Survey Water-Resources 
Investigations Report 88-4045. 


McMahon, T.E., and J.W. Terrell. 1982. Habitat suitability index models: Channel catfish. 
U.S.D.I. Fish and Wildlife Service. FWS/OBS-82/10.2. 


MRGCD (Middle Rio Grande Conservancy District). 2001. Analysis of 1999 and 2000 San 
Acacia Reach Fish Collections, Middle Rio Grande. Albuquerque, New Mexico. 


Newbury, R.W. 1994. Rivers and the art of stream restoration. Presented at 9" International 


Trout Stream Habitat Improvement Workshop, Calgary, AB. September 1994. ea 


Orth, D.J. and R.J. White. 1999. Stream habitat management. Pages 249-284 in C.C. Kohler and 
W.A. Hubert, editors. Inland fisheries management in North America, 2™ edition. American 
Fisheries Society, Bethesda, Maryland. 


Overton, C.K., S.P. Wollrab, B.C. Roberts, and M.A. Radko. 1997. (Northern /Intermountain 
Regions) fish and fish habitat standard inventory porcedures handbook. USDA Forest Service | 
General Technical Report INT-GRT-346. | 


Parasiewicz, Piotr. 2001. MesoHABSIM: A concept for application of instream flow models in 
river restoration planning. Fisheries 26(9): 6-13. 


Payne, T.R. and Associates. 2000. RHABSIM 2.1 User’s Manual. Arcata, California. 
Powers, P.D., and J.F. Orsborn, 1985. Analysis of barriers to upstream fish migration: An 
investigation of the physical and biological conditions affecting fish passage success at culverts 


and waterfalls. US Department of Energy, Bonneville Power Administration. 


Rosgen, Dave. 1996. Applied River Morphology. Wildland Hydrology, Pagosa Springs, 
Colorado. 





Stuart, T.A. 1953. Spawning migration, reproduction and young stages of loch trout (Salmo a 
trutta L.). Freshwater Salmon Fish. Res. 5. 


US Fish and Wildlife Service. 1999. Rio Grande silvery minnow Recovery Plan. Albuquerque, 
NM. 14Ip. 


USDA Forest Service and WEST Consultants, Inc. 1998. WinXSPRO: A channel cross-section 
analyzer. User’s Manual. Rocky Mountain Experiment Station, Ft. Collins, CO. 


Waddle, T., P Steffler, A. Ghanem, C. Katapodis, and A. Locke. 2000. Comparison of one and 
two-dimensional open channel flow models for a small habitat stream. Rivers 7(3):205-220. 


Wesche, T.A. 1985. "Stream Channel Modifications and Reclamation Structures to Enhance 
Fish Habitat." Chapter 5 (pp. 103-164) in, Restoration of Rivers and Streams, J.A. Gore (editor). 
Boston: Butterworth Publishers. 280p. 


Ziemer, G.L. 1973. Quantitative geomorphology of drainage basins related to fish production. 
Information leaflet Number 162. Alaska Department of Fish and Game, Juneau, Alaska. 








i 


- u's 


2 Sarat : 


Seo 

hg ae 
a ee 
1 ee ate 


Paes ae 
. 7 van : 


7 Z D Py 7 
> * i 
- , at - ; 
7 - ‘5 - 
7 i Y 


"hal 














; Monitoring and Reporting on Aquatic Restoration Efforts 
® Brett Roper Friday 0800:1200 


1. Why monitoring projects fail. 
a. Procedural Failure 
b. Design Failure 
2. Design Failure — often referred to as statistics problems 
a. Methods can’t measure. 
b. Study to short. 
c. Inadequate problem analysis. 
d. Misunderstanding of system. 
e. Weak statistical design. 
Statistical relationships to design failures 
a. Type I errors 
b. Type II errors 
4. Statistical solutions to design failures 
a. Understanding variation. 
i. Choice of variables 
ii. Permanent vs. temporary sites. 
b. Statistical design to detect differences 
i. Sample size 
1. Variance 
2. Error Rates 
® 3. Detectable effect size 
li. Stratification 
5. Open discussion to discuss participants concerns with monitoring. 


1o>) 


Closeout & 
Evaluation 


Post-course Exercise 
BLM Training Course No. 7000-12 
Aquatic Habitat Restoration and Enhancement 


GS Grade * of time using materials learned in this class 


Note: For multiple choice, more than one answer may be correct! 


hk 


N 


o>) 


Three types of fish life history information that may be useful in the planning and design 
of aquatic habitat restoration projects include ; 
, and 


Three life stages of your target fish species to be considered in the planning and design of 
aquatic habitat restoration projects include 
and 


=} 3 


The three basic “mesohabitat” types are 
and 


Lane’s Balance can be useful in qualitatively describing the distribution 
Ofinan: and throughout a watershed. 


Macrohabitat characteristics that are commonly used to segment rivers into reaches may 
include: | 

(a) nose velocity 

(b) water quality 

(c) channel morphology 

(d) percent glides 

(e) hydrology 

(f) all of the above 

(g) none of the above. 


The three general types of reference stream approaches include 
, and 


The determination of instream flow requirements for a river reach may involve the use of 
computer models such as: 

(a) IHA 

(b) PHABSIM 

(c) WinXSPRO 

(d) RHABSIM 

(e) DENIL 

(f) all of the above 

(g) none of the above. 


When analyzing a potential fish passage barrier, we are typically concerned with: 
(a) barrier geometry 

(b) macroinvertebrate density 

(c) barrier hydraulics 

(d) sodium adsorption ratio 

(e) fish swimming and leaping capabilities 

(f) larval drift 

(g) all of the above 

(h) none of the above. 


Fish passage barriers can be both natural and man-made. True or False 


Four habitat benefits that may result from a properly designed and constructed log 
overpour include : : 
, and 


Properly classifying the stream channel assures success of a restoration project. T or F 


Hydraulic uncertainty is always a concern with structural habitat management. T or F 
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